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1. U.S. Army Concepts Analysis Agency (CAA) initiated the Combat History
Analysis Study Effort (CHASE) in August 1984 to search for historically-based
quantitative results for use in military operations research, concept
formulation, wargaming, and studies and analyses.

2. Progress made in the period August 1984-June 1985 is reported in the
enclosed Technical Paper. It indicates that data on historical battles can be
used to discover quantitative trends and relations of potential significance
to military operations research, concept formulation, wargaming, and studies
and analyses.

3. At the same time, additional research is needed to pursue the new lines of
investigation suggested by this initial effort, and to clarify some of the
anomalies it has turned up.

4. Despite its tentative and unfinished state, the work described in this
Technical Paper is being provided to you now in the expectation that those
interested in the scientific and quantitative aspects of military operations
research will find it beneficial to their efforts. Questions or inquiries
should be directed to the Special Assistant for Models Validation, U.S. Army
Concepts Analysis Agency (CSCA-SAMV), 8120 Woodmont Avenue, Bethesda, MD
20814-2797, (301) 295-1669.
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THE REASON FOR PERFORMING THE STUDY was to carry out the initial phase of
the Combat History Analysis Study Effort (CHASE), whose ultimate purpose is
to search for historically-based quantitative results for use in military
operations research, concept formulation, wargaming, and studies and
analyses.

THE PRINCIPAL FINDING of the work done during the period covered by this
paper (August 1984 to June 1985) is that data on historical battles can be
used to discover quantitative trends and relations of potential signifi-
cance to military operations research, concept formulation, wargaming, and
studies and analyses.

THE MAIN ASSUMPTIONS on which the CHASE Study, as well as its major phases,
rests are:

(1) Historical battle data can be analyzed using modern statistical
methods.

(2) Formulas are not to be complicated without good empirical evidence.

(3) Long-term trends and relations can be extrapolated to future situa-
tions with a reasonable degree of confidence.

THE PRINCIPAL LIMITATIONS which méy affect the findings presented in this
progress report are as follows:

(1) Data on strengths at intermediate stages during the course of a
battle were not available for use in this phase of the CHASE Study.

(2) The study used a data base prepared for the US Army Concepts
Analysis Agency (CAA) by the Historical and Research Evaluation
Organization (HERO). The HERO data base, even though composed of 601
battles, is still not large enough to support adequately all of the
statistical analyses that should be performed.

(3) Typographical mistakes, omissions, ambiguities and i11-defined data
categories in the HERO data base weakened some of the analysis results, and
precluded some analyses that would have been desirable.

(4) Because of data inadequacies and the limited scope of this initial
phase of the CHASE Study, not all of CHASE's Essential Elements of Analysis
(EEAs) could be fully addressed.



THE SCOPE OF THE WORK done during the period covered by this progress
report, was limited to an initial analysis of the HERO data base of 601
battles. This scope included:

(1) Reducing to machine-readable form all of the tabulated data in the
HERO data base.

(2) Assessing the suitability of the data base for quantitative
analysis.

(3) Summarizing selected portions of these data to facilitate their
efficient use in military operations research, concept formulation,
wargaming, and studies and analyses.

(4) Seeking important trends and interrelations present but hidden in
these data.

(5) Testing selected hypotheses against the data.

THE STUDY OBJECTIVE for the period covered by this progress report
included:

(1) Evaluating the suitability of the HERO data base for quantitative
analysis, identifying essential data base improvements, and taking
necessary corrective measures.

(2) Experimenting with a variety of analytical techniques to assess
their ability to expose quantitative trends and relations of significant
potential use in military operations reserch, concept formulation,
wargaming, and studies and analyses.

(3) Identifying specific issues for further investigation in subsequent
phases of the CHASE Study.

THE STUDY SPONSOR was the US Army Concepts Analysis Agency.

THE STUDY EFFORT was directed by Dr. Robert L. Helmbold, Resources and
Requirements Directorate.

COMMENTS AND SUGGESTIONS may be sent to the Director, US Army Concepts
Analysis Agency, ATIN: CSCA-RQ, 8120 Woodmont Avenue, Bethesda, MD
20814-2797.

Tear-out copies of this synopsis are at back cover.

Vi
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PREFACE

This paper documents the work done on the Combat History Analysis Study
Effort (CHASE) during the period August 1984 - June 1985. This progress
report is presented as a standalone document with the expectation that
those interested in the scientific and quantitative aspects of military
operations research, concept formulation, wargaming, and studies and
analyses will find it beneficial to their efforts.

However, readers are cautioned that this paper is an interim progress
report of continuing research, intended in the first instance for internal
use at the US Army Concepts Analysis Agency (CAA). Subsequent phases of
CHASE should improve on it, and as our insight deepens many of its findings
and observations may require substantial modification.

Some readers may find this paper hard to read. It has been said* that
"It is so customary for political writing to flow on with journalistic ease
that people seem to regard ease as a characteristic of thought about poli-
tics, whereas really it is only a characteristic of popularization.”
Although this paper may not "flow on with journalistic ease," we hope that
its scientific approach to combat dynamics will interest readers enough to
make its study worthwhile.

There are some who might object that a science of combat dynamics is
impossible because combat is so strongly influenced by the actions of people.
Marshall** has made the following eloquent remarks applicable to that objec-
tion: "The actions of men are so various and uncertain, that the best state-
ment of tendencies, which we can make in a science of human conduct, must
needs be inexact and faulty. This might be urged as a reason against making
any statements at all on the subject; but that would be almost to abandon
life. Life is human conduct, and the thoughts and emotions that grow up
around it. By the fundamental impulses of our nature we all--high and low,
lTearned and unlearned--are in our several degrees constantly striving to
understand the courses of human action, and to shape them for our purposes,
whether selfish or unselfish, whether noble or ignoble. And since we must
form to ourselves some notions of the tendencies of human action, our choice
is between forming those notions carelessly and forming them carefully.

The harder the task, the greater the need for steady patient inquiry; for
turning to account the experience that has been reaped by the more advanced
physical sciences; and for framing as best we can well thought-out esti-
mates, or provisional laws, of the tendencies of human action." The work
described in this paper is offered in this spirit.

*Richardson, Lewis Fry, "Statistics of Deadly Quarrels," The Boxwood
Press, Pacific Grove, CA, 1960.

**Marshall, Alfred, "Principles of Economics," 1890.
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COMBAT HISTORY ANALYSIS STUDY EFFORT (CHASE):
PROGRESS REPORT FOR THE PERIOD AUGUST 1984 - JUNE 1985

CHAPTER 1
EXECUTIVE SUMMARY

1-1. PROBLEM. Although the works on military history are of considerable
interest and utility to practitioners of the military art, few of them are

in a form suitable for direct application to military operations research,
concept formulation, wargaming, asd studies and analyses. Usually, these
activities can use efficiently only such historical combat experience that

is expressed in the form of mathematically explicit quantitative relations
that are universally applicable throughout an extremely wide range of engage-
ment situations. The Combat History Analysis Study Effort (CHASE) was estab-
lished to search for historically based quantitative results that are suit-
able for use in military operations research, concept formulation, wargaming,
and studies and analyses.

1-2. BACKGROUND. In 1983 and 1984, the Historical Evaluation and Research
Organization (HERO) prepared for the US Army Concepts Analysis Agency (CAA),
under Contract No. MDA903-82-C-0363, a data base of 601 battles and engage-
ments. This was published in 1984 (Ref 1-1), and will be referred to as
the HERO data base. As that effort was drawing to a close it was realized
that, although the HERO data base is unique and of great potential value
because it is detailed for individual battles, it is not directly usable in
CAA studies and analyses because it does not explicity provide quantitative
trends and interrelations. As a result, CAA established the CHASE project,
with the objective of searching for historically based quantitative results
for use in military operations research, concept formulation, wargaming,
and studies and analyses.

1-3. SCOPE
a. The overall scope of the CHASE Study includes the following:

(1) Reduce all or a significant portion of the HERO data base to
machine-readable form for analysis.

(2) Summarize the mass of data in the HERO data base and present the
results for use in military operations research, concept formulation, war-
gaming, and studies and analyses.

(3) Seek trends and interrelationships present but hidden in the data.

(4) Test selected hypotheses against the data.

1-1
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b. This paper documents the progress made on the CHASE Study in its
initial phase (August 1984 - June 1985). The scope of the effort under-
taken during this period included the following:

(1) Reduce to machine-readabie form all of the tabular data in the
HERO data base. The result of this step will be referred to as the computer-
ized data base.

(2) Proofread and review for accuracy and consistency the data presen-
ted in the HERO data base. This led in a natural way to the establishment
of a new contract with HERO to eliminate some of the typographical mistakes,
omissions, inconsistencies, ambiguities, and redundancies discovered in the
HERO data base, and to expand it in selected areas.

(3) Explore the prospects for using these data to obtain quantitative
results for use in military operations research, concept formulation, war-
gaming, and studies and analyses. This included preparing (or locating)
computer programs suitable for manipulating and analyzing the computerized
data base, and then applying them appropriately to create selected descrip-
tive or summary statistical tabulations of the data, to seek factors associ-
ated with victory in battle, to test selected hypotheses against the data,
and to explore ways to reduce some of the redundancies present in the data.

(4) Plan the most important next steps for accomplishing the CHASE
Study in light of the experience gained to date.

1-4. LIMITATIONS. -The principal limitations which may affect the findings
presented in this progress report are as follows:

a. Data on strengths at intermediate stages during the course of a bat-
tle were not available for use in this phase of the CHASE Study.

b. The study used almost exclusively the HERO data base which, even
though composed of 601 battles, is still not large enough to support ade-
quately all of the statistical analyses that should be performed.

c. Typographical mistakes, omissions, ambiguities and ill-defined data
categories in the HERO data base weakened some of the analysis results, and
precluded some analyses that would have been desirable.

d. Because of data inadequacies and the limited scope of the initial
phase of the analysis, not all of CHASE's Essential Elements of Analysis
(EEAs) were fully addressed. Subsequent phases of the CHASE Study will
fill these voids.

1-5. TIMEFRAME. The computerized data base contains information on 601
battles that took place between 1600 and 1973. In a few places, data on
battles from earlier times are used to supplement the computerized data
base. This paper presents findings only for those trends or relations that
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have persisted relatively unchanged over long periods of time, and which
thus appear to be extrapolatable to future situations with a reasonable
degree of confidence. '

1-6. KEY ASSUMPTIONS. The main assumptions on which the CHASE Study, as
well as its major phases, rests are:

a. Historical battle data can be analyzed using modern statistical
methods.

b. Formulas are not to be complicated without good empirical evidence.

c. Long-term trends and relations can be extrapolated to future situa-
tions with a reasonable degree of confidence.

1-7. APPROACH. The approach adopted during the period covered by this
paper is as follows:

a. A data base format for use in computerizing the HERO data base was
designed. The tabular data in the HERO data base were then computerized
using that data base format. As data were transcribed into the computerized
data base, a written record was kept of any missing, confusing, or question-
able data items in the HERO data base. The computerized data were manually
proofread against the HERO data base twice--once immediately after each
table from the HERO data base was entered into the computerized data base,
and again after the computerized data base had been completed. In addition,
a computer program was written to check that each entry in the computerized
data base is within its legitimate range. This computer program also made
some selected checks on the consistency of the HERO data. For example, it
checked to see that attacker and defender achievement ratings were consis-
tent with the designation of victorious side. All differences between the
computerized and the HERO data bases discovered by these manual and auto-
mated checks were corrected before the computerized data base was analyzed.

b. The subsequent analysis of the computerized data began with an infor-
mal examination and some simple summarizations of the data (descriptive
statistics). It then progressed to searching for the factors associated
with victory. Because it was determined that some of the data in the HERO
data base were at least partially redundant, factor analysis techniques
were explored to assist in understanding this redundancy. Finally, a test
of a particular hypothesis regarding breakpoints was carried out.

c. Throughout all stages of the study a determined effort was made to
apply to the analysis of these data on historical battles the most powerful
and appropriate modern statistical techniques and data processing techno-
logies. It was, of course, necessary to tailor the analytical approach to
the particular issue being investigated, and in fact a wide variety of tech-
niques were employed in one part of the study or another. The most
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frequently used techniques employed in the period covered by this report
include:

® Graphical and exploratory data analysis techniques such as scatter
diagrams.

e Construction of histograms and empirical distribution functions.
® Contingency table analysis.

e Curve and function fitting methods such as linear and logistic
regression.

® Correlation and factor analysis.

d. Wherever possible, an attempt was made to follow the precepts of the
method of "strong inference" (Ref 1-2) and the method of "multiple working
hypotheses" (Ref 1-3). These methods involve the systematic consideration
of well-defined alternative hypotheses, the deduction from these hypotheses
‘of consequences that are testable against the available data, the design of
crucial experiments that will discriminate sharply against one or more of
the alternative hypotheses, and the deliberate search for important new
hypotheses. Consequently, new areas for future investigation are identified
and documented.

e. A conscientious attempt is made to adhere to high standards of scien-
tific investigation. Very 1ittle is assumed about the structure or dynamics
of combat. Instead, the guiding principle is that a hypothesis or widely
held opinion regarding battle is not to be taken for granted, but that the
data are to be consulted to determine whether they support it or not. There-
fore, frequent (though usually implicit) appeal is made to various forms of
the well-known principle of Ockham's Razor to the effect that "Entities are
not to be multiplied without necessity" (Ref 1-4). The following versions
of this principle are frequently used to focus inquiry on substantive issues:

(1) "Formulae are not to be complicated without good evidence."
(Ref. 1-5).

(2) "Complications in models are not to be multiplied beyond the neces-
sity of practical application and insight" (Ref 1-6).

(3) "The burden of proof is on the party claiming that such-and-such
a factor must be introduced to explain the data. The claimant must show
that the data are incompatible with the simpler theory in which the new
factor is left out, but that they are compatible with the more complicated
theory that arises when the new factor is introduced" (Ref 1-7).

(4) "A hypothesis that cannot be confronted with hard evidence is
metaphysical, and may safely be ignored" (Ref 1-8).
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f. It might be thought that the methods used presume the existence of
patterns in history that can be discovered. But it would be more correct
to say that the existence of such patterns is itself a hypothesis that can
be tested by searching for them. If some patterns are found, then they
exist. If, after sufficiently diligent search, no patterns are found, then
this constitutes evidence for the hypothesis that no such patterns exist--
just as the search for perpetual motion machines led ultimately to the hypo-
thesis that no such machines are physically realizable.

1-8. ESSENTIAL ELEMENTS OF ANALYSIS AND ANSWERS. The research was guided
by five EEAs, as provided by the Study Directive (Appendix B). Summaries
of the state of development reached during the period covered by this paper
are given below.

a. Can the Factors Associated with Victory in Battle be Identified?
Six variables were tested for close association with victory in battle.
Each of the variables is an explicit, mathematically defined function of
the tabulated data on personnel strengths and losses. (Chapter 4, provides
a full technical definition of these variables, and the Glossary contains
summary definitions of them.) The six variables included the force ratio
(FR), the casualty exhange ratio (CER), the fractional exchange ratio (FER),
a measure of the bitterness.of a battie (or total losses to both sides)
(EPS), a theoretically-motivated index of the defender's advantage vis-a-vis
the attacker (ADV), and a measure of the residual portion of ADV after the
average effect of force ratio on it has been removed (RESADV). Of these
six variables, the defender's advantage (ADV) and the fractional exchange
ratio (FER) are most closely associated with victory in battle. RESADV and
CER are somewhat less closely associated with victory in battle. EPS and
FR are substantially less closely associated with victory in battie. Some
of the battles of the Wonld War II (and some later) eras seem to be anamalous
in the sense that for these battles the relationship of victory in battle
to ADV is much weaker than for battles of other eras, and for most other
battles of the same era. The reasons why these battles are anomalous, and
why they more prevalent during the WW II and later eras, is not yet well
understood. However, the leading hypothesis at the moment appears to be
that the data for several battles of the WW II and later eras is flawed.

b. What long-term trends can be detected in historical combat data?
The analysis of long-term trends was not emphasized during the period covered
by this paper. However, it appears that there has been no long-term secular

trend over the last 400 years in the proportion of battles won by the
attacker.

c. Can the historical influence of air support on the outcome of land
battles be quantified? An analysis of the effects of air support was not
within the scope of the effort covered by this paper.

d. What can be said about the factors influencing rates of advance in

land combat? An analysis of the factors influencing rates of advance was
not considered fruitful during the period covered by this paper, because
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the battle duration data in the data base used were reported only to the
nearest day, which is too coarse a time resolution to provide rate values
suitable for analysis.

e. What lessons were learned regarding the preparation of battle and
engagement data bases for use in quantitative analyses? Lessons learned
regarding the preparation of data bases will be reported separately, in
accordance with the study plan.

1-9. OTHER KEY FINDINGS

a. The HERO data base needs to be enhanced before analyzing it extens-
jvely. To satisfy the need for data base refinement, a contract was awarded
to the Historical Evaluation and Research Organization (HERO) to revise and
extend the data base. The results of this contract were not available during
the period of time covered by this paper (August 1984-June 1985).

b. The data base is mainly typical of organized division- to corps-level
forces engaged in intense, short (hours to days) battles in Europe and America
during the nineteenth and twentieth centuries.

c. Battle durations seem to fit a Weibull or a lognormal distribution
about equally well.

d. Casualty fractions seem to be distributed approximately lognormally.
The attacker's casualty fraction tends to be less than the defender's.

e. The personnel force ratio (FR), personnel casualty exchange ratio
(CER), and the personnel fractional exchange ratio (FER) are all approxi-
mately lognormally distributed.

f. Force ratio is an unsatisfactory and inadequate predictor of victory
in battle. Both advantage (ADV) and fractional exchange ratio (FER) (see
the Glossary at the end of this paper) are much more closely related to
victory than is the force ratio. Consequently, either advantage or frac-
tional exchange ratio should be used as a figure of merit for comparing
force structures, contingency plans, equipment options, and tactics in
simulation experiments.

g. There is a high degree of redundancy among some of the items in the
data base. The analysis of this redundancy, and the development of
measures to deal correctly and effectively with it, need further
investigation.

h. When a breakpoint hypothesis similar to those conventionally used to
terminate simulations and wargames is tested against the HERO data base, it
is found to be inconsistent with the data. The reasons for this are not
yet well understood.
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CHAPTER 2
SOURCES OF DATA ON BATTLES AND ENGAGEMENTS

2-1. INTRODUCTION. This chapter describes the data base used as the source
of data on battles and engagements throughout the period covered by this
progress report, presents the design and implementation of the computerized
data base, indicates some of the problem areas uncovered in this process,
introduces some terminology that will be used throughout subsequent portions
of this paper, and cites some other data bases that may be found useful in
future work.

2-2. THE HERO DATA BASE

a. In 1984, the US Army Concepts Analysis Agency (CAA) published the
HERO data base of battles and engagements (Ref 2-1). This data base pro-
vides detailed data on each of 601 battles from the period 1600 AD to 1973
AD. The distribution of battle dates over time, along with some other des-
criptive statistics of the material in the HERO data base, is discussed in
Chapter 3. The HERO data base consists of seven tables covering:

(1) Battle identification (name, dates, campaign, war, forces and
commanders involved, duration, and width of front).

(2) Operational and environmental variables (defender posture, ter-
rain, weather, season, surprise, air superiority).

(3) Strengths and losses on both sides.

(4) Intangible factors (such as combat effectiveness, leadership,
training, etc.).

(5) Outcome (victorious side, distance advanced, mission accomplish-
ment of each side).

(6) Factors affecting the outcome (such as force quality, reserves,
air superiority, etc.).

(7) Combat forms and resolution of combat (main attack and scheme of
defense, secondary attack, resolution of the combat).

Tables 2-1 through 2-6 give a sample of the kinds of data presented in the
HERO data base tables. Appendix E gives an extended description of the
information included in each HERQ data base table. 1In all, almost 90 items
of information are tabulated for each of the 601 battles in this data base.
The HERO data base values recorded in Tables 1 and 3 are objective quanti-
ties that, at least in principle, all observers could agree upon if com-
pletely trustworthy reports were available. The values recorded in HERO's
Tables 2, 5, and 7, however, are overall impressions and more difficult to
objectify in a manner acceptable to all observers, even if completely
trustworthy reports were available. The values recorded in HERO's Tables 4
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and 6 are frankly judgmental, and hence almost impossible to objectify in a
manner acceptable to all observers. The reader is referred to CAA-SR-84-6
(Ref 2-1) for a complete picture of the HERO data base.

Table 2-1. Example of HERO Data Base (Table 1)

Width of
Duration Front
Engag Date(s) Campaign _Forces Commanders (days) (Km)
Murfreesboro, A[31 Dec 1862- Stones River CS Army of Tennessee | Bragg 4 7.0
Tennessee Df 3 Jan 1863 X US Army of the Omb'd Rosecrans
Chancellorsville, Ajl1-6 May 1863 | Chancellorsville | US Army of he Potomac |llooker 6 25.0
virginis D G Army of No, Va, Lee i
Champion's Hill, A[16 May 1863 Vicksburg Us Army Grant 1 6.4
Mississippi D CS Army Penberton
Brandy Statfon, A{9 Jun 1863 Gettysburg IS Cav, Corps Pleasanton 1 8.0
Virginia D CS Cav, Corps Stuart a
Gettysburg, AJ1-3 Jul 1863 Gettysburg CS Arwmy of No, Va, Lee 3 10.5
Pennsylvania D US Ay of he Potomac | Meade
Chickamauga, A{19-20 Sep 1863 ] Chickamauga CS Army of Tennessee |Bragg 2 10.0
Georgia D US Arwy of the Oumb'd} Rosecrans
Chattsnoogs, A]24-25 Nov 1863 | Chattanoogs US Army of the Qumh'd: Grant i 2 16.0
Tennessee CS Army of Tennessee | Bragg
Table 2-2. Example of HERO Data Base (Table 2)
) Defender Level
Engagement Posture Terrain Weather Sé Surprise |Surpriser| Surprise
Murfreesboro A ™ wie T Y x  [Substatizl
D [
Chancel lorsville A L] 5T SpT Y
D ] X [Covplete
Champion's Hill A ] osT SpT N - e
D 1]
Brandy Station A ™ DSt st Y x Substartial
B o
Gettysburg A ] DST ST N o) 0
D Hw .
Ghickamauga A [ ST FT Y x Substartial
D £
CGuttanocoga A Rpht, MM WL/DST FT N .- -
D P /D
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Table 2-3. Example of HERO Data Base (Table 3)
Strength Battle Casualties Arty. Pieces Lost
ATty. Advance
Engagement Total Cavalry |Pieces Total %/Day Total %/Day Success | (Km/Day)
Murfreesboro A 34,732 4,500 120 11,739 8.4 6 1.3 X 2.0
D] 41,400 3,200 100 12,906 7.8 28 7.0 X Co
Chancellorsville A | 134,000 ? 404 17,278 2.1 120 5.0 0
D] 80,000 ? 170 12,821 2.7 7 0,7 x --
Champion’s Hill Al 29,373 ? ? 2,441 8.3 ? -- x 2.0
p| 20)000 500 ? 5,850 | 19,3 1 = -
Brandy Station Al 12,000 ? ? 900 7.5 i -- x 1.5
D| 10,000 ? ? 500 5.0 ? == --
Gettysburg Al 75,054 .| &,000 250 28,063 12.5 3 0.4 1.1
D| 83,289 13,000 300 23,049 9.2 o 0.7 x L
Chickamauga Al 66,326 8,000 ? 18,454 13.9 15 =S x 1.6
D| 58,222 10,000 246 16,170 13.9 S1 10.4 .-
(hattanooga A 61,000 ? ? 5,824 4.8 ? -~ x 4.4
D| 40,000 4,856 ? 6,667 8.3 40 -- --
Table 2-4. Example of HERO Data Base (Tables 4 and 5)
Distance
Leader- }Training/ Logis- (Momen- }Intelli- |Tech- Initia- Advanced |Mission
Engagement CE | ship Experience {Morale | tics tum gence nology | tive Victor |(Km/Day) |Accomp.
Murfreesboro A C. C c’ N N N c X X 2.0 6
D x o :
Chancellors- A C N N C 0 3
ville D X x x X - 10
Champion's A x C N N N c x X 2.0 8
Hill D - p
Brandy Station A [ c N N x C X x 1.5 6
D oo 5
Gettysburg A Cc C c N N C X 1.1 4
D x x -- 6
Chickamauga A c N N x Cc x X 1.6 6
D 0 -- 4
Chattanooga A x C C N N N c x x 4.4 8
D - 4q-
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Table 2-5. Example of HERO Data Base (Table 6)
a -
n =0 - = o |u 3 "0
m.‘? S Eg uég g 5 La. 3 £ g ~=§ ‘3 “3§
B3] ¢ | Z2| B3E] 5| E§[ 3515 | & ggﬁa 5185 |
Engagement £ g & _ £3 L&Y = S8f 3 2 A 283 K] &Y &
Murfreesboro A N N N N N N N N x N N N N
D
Chancellorsville Al N N N N N N N N N N
D x X x
Champion's Hill  A] N N N N N x| N | N N | N N N
D x
Brandy Station A N N N N N N N x X N N N N
D
Gettysburg Al N N N N] N o | n N N
D X x x
Chickamauga A N N N N N x x x N N N
D x [o]
Chattanooga A N N N N N x x N N N . N
x
®
Table 2-6. Example of HERO Data Base (Table 7)
Plan and Maneuver
Main Attack and
Engagement Scheme of Defense Secondaxy Attack Success Resolurian
Murfreesboro A F, EB -- P, S, WD
D D - -
Chancel lorsville A E(ILR) F(RF) R, WD ‘
. D D/0, E(RR) o x B
Champion's Hill A F -- x P, Ps
D D -- Wb
Brandy Station A F, E(RR) -~ x P, WD
1] /o - -
Gettysburg A F, EE -- R. WD
D D - x .
Chickamauga A F -- x P,Ps
D D o
Chattanooga A F, EE F. P X B, Ps
D D =2 Wb
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2-3. THE COMPUTERIZED VERSION OF THE HERO DATA BASE

a. In order to facilitate the manipulation and analysis of these data,
they were encoded in computer-readable data files. Appendix F describes
the coding scheme used for this purpose. Table 2-7 provides a sample of
the computerized version of the HERO data base. The specific data file
formats for the computerized data base are given in Appendix G. Appendix H

provides an index of the battles and engagements in the computerized data
base.

Table 2-7. Sample Entry from CAA Computerized Data Base

NAME = CFTTYSBURG I PENNSYLVANIA

NO. = 199 LOCN
WAR = AMFRICAN CIVIL WAR CAMPGN = GETTYSBURG
DATE = 1 JUL 1863 1 : 3 WOF = 10.5
NAMAZCS ARKMY CF NORTHFRN VIRGINIA COAZLEE
NAMDZUS ARMY OF THE POTOMAC CODZHE ADE
posTOL = HO POSTD? = 00
TERRAL = Rmp TERRA2 7 t00
uX1 = DSTST ¥x2_= 00000 wX3 = goooo
SURPA = .Q . AEROA = 0
xa/y0 cx/Cy CAv TANK Lt LI ARTY FLY CTANK CARTY CFLY
ATY 75054 28063 8000 ) o} 3 250 0 0 3 2
DEF 83289 23049 13000 d 0 0 300 0 0 6 [+
CEA  LEADA  TRNGA HORALA  LOGSA MWONNTA INTELA  TECHA  INITA
0 0 0 0 0 0 -1 o 1
WINA KPDA ACHA ACHD
-1 1.1 L] [
QuALA RESA  MOEILA AIRA  FPREPA WXA  TERRA LEADAA  PLANA SURPAA HANA  LOGSAA FORTSA  DLEPA
(i -1 0 o -1 o -1 0 o o -1 0 0 0

PR13 SECY SEC2 SE
co oo ao

RESO1 RESO2 RESO3
RR ¥vD 0g
o oD [*]o]

c3
1]}
oo oo a9 oa

b. While the computerized data base was being prepared, written records
were kept of missing, confusing, ambiguous, or questionable data jtems.
Slightly over 400 of these "Data Base Problem Reports" were eventually
accumulated documenting omissions, inconsistencies, ambiguities, redun-
dancies, and typographical errors in the HERO data base. Table 2-8 gives a
few examples of the kind of problems that were surfaced in this manner.
Table 2-9 lists the battles for which at least one of the X0, Y0, CX, or CY
values was missing. Here, and throughout the rest of this paper, we use
the symbols X0 and YO for the attacker's and defender's (respectively) total
personnel strength, and CX and CY for the attacker's and defender's (respec-
tively) personnel losses. We also use ATK and DEF as abbreviations for
attacker and defender. Table 2-9 Tists for illustration some of the missing
data items in the HERO data base. These 16 battles have to be omitted from
all tabulations involving casualties or losses, and three of them have to
be omitted from tabulations involving force strengths.
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Table 2-8. Data Base Problem Reports

e Abou

t 400+ problems noted

o Examples:

1.

Buzancy Ridge, ATK force = US 18th Inf Rgt (-)
(+) (but the previous battle, on the same date,
with same commanding officer, gives ATK force =
US 28th Inf Rgt (-) (+))

Iwo Jima (final phase), ATK strength = 32,000,
DEF strength = 2,685, width of front = 1.8 km
(but can the ATK force engage all of its troops
under these conditions?)

Egyptian offensive north, ATK withdrew with
heavy losses (but ATK losses were only 2.1%)

Brusilov offensive, ATK stalemated (but was
rated 7 out of 10 for achievement and credited
with winning, while DEF withdrew with heavy
losses)

Table 2-9. HERO Data Base Battles Having Missing Personnel Strength

or Casualty Data

No. ISEQNO Name Missing data items
1 26 Preston CX
2 40 Killiecrankie CX, CY
3 216 Dinwiddie Courthouse cY
4 248 Kumanovo cY
5 254 The Nieman CX
6 267 Le Cateau CX
7 289 Eastern Champagned X0, YO
8 291 Ypres IIa X0, YO
9 292 Festubert?d YO
10 300 First Dardanelles landing cY
15 301 Suvla Bay cY
12 391 Chouigi Pass CXx, CY
13 461 Mortain CX
14 469 Schmidt cY
15 484 St. Vith cx, CY
16 485 Bastogne CXx, CY

aMissing X0, Y

0, or both.

2-6



CAA-TP-86-2

c. These problems indicated a need to enhance the HERO data base before
analyzing it extensively. To satisfy this need, a contract was awarded to
the Historical Evaluation and Research Organization (HERQO) to revise and
extend the work presented in CAA-SR-84-6 (Ref 2-1). This contract will be
referred to as the CHASE Data Enhancement Study (CDES). The CDES contract
was awarded, and work on it was begun on 6 June 1985, with an anticipated
completion date of December 1985 (subsequently extended to January 1986).
It calls for accomplishment of the nine tasks enumerated in Table 2-10 and
further detailed in Appendix I. No results from the CDES contract are
included in this progress report, which covers only the period August 1984
through June 1985.

Table 2-10. CHASE Data Enhancement Study (CDES) Contract Tasks

1. Analyze the data base problem reports.

2. Clarify the total engaged personnel strength.

3. Clarify the basis for assigning .victory.

4. Refine the duration data.

5. Clarify the width of front data.

6. Clarify the defender posture description.

7. Identify the quality of strength and loss data.

8. Develop strength and attrition histories for
selected battles.

9. Assist in eliminating unwanted redundancies.

2-4. ADDITIONAL DATA BASES

a. Several other data bases were considered for use in the CHASE Study.
As shown in Table 2-11, the three most important data bases of land combat
battles and engagements for our purposes are the HERO data base (see para-
graph 2-2, above), the Combat Operations Research Group (CORG) data base
described in several CORG reports (Refs 2-2 through 2-4), and the Bodart-
Willard-Schmieman (BWS) data base (Ref 2-5). The latter originated with
Bodart's Kriegslexicon (Ref 2-6), which was computerized by Willard
(Ref 2-7), and subsequently modified by Schmieman (Ref 2-8). These three
major data bases overlap in the sense that some battles (e.g., Gettysburg)
are listed in two or more of them. As indicated in Table 2-11, some impor-
tant supplemental information on the battles and engagements contained in
the three major data bases is provided in several books (Ref 2-6, 2-9, 2-
10, 2-11, and 2-12). However, there are hardly any battles in these
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supplemental references that are not already in at least one of the three
major data bases listed in Table 2-11.

Table 2-11. Major Data Bases of Land Combat Battles and Engagements

Data Number of Dates Date

base battles covered appeared
HERO/CAA 601 1600-1973 1983-84
CORG 175 280 BC-1945 AD 1961-63
Bodart-Willard-Schmieman (BWS) ca. 1,000a 1618-1905 1908-67

Key supplemental information:

HERO QUM Data Base (book) 204 1943-1973 1979
Livermore "Numbers & Losses" 64 1861-1865 1900
Dodge "Napoleon" 100 1631-1815 1907
Bodart "Kriegslexicon" ca. 1,000a 1618-1905 1908
Berndt "Zahl Im Kriege" 91b 1741-1871 1897

a0f which ca. 100 are sieges.
bof which 13 are sieges.

b. In the period covered by this progress report, only the HERO data
base was used. In future phases of the CHASE project, the other major data
bases (CORG and BWS) can be used to extend, refine, or confirm the major
findings obtained by using the HERO data base. Some additional effort will
be required to put those data bases in a form suitable for such use.

2-5. SUBSAMPLES. It is sometimes desirable to extract from the data base
selected subsamples, which are used for specific purposes.

a. One of the subsamples used during the period covered by this progress
report, called the exploratory subsample, consists of a random sample of
100 battles taken from the HERO data base battles with starting dates ear-
lier than 1943. It was used for some of the exploratory statistical work,
especially in the data redundancy analysis described in Chapter 5. It was
also used to develop, test and debug many of the statistical analysis pro-
cedures and computer programs used to examine the computerized data base.
Table 2-12 lists the sequence numbers of the battles included in the
exploratory subsample.
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Table 2-12. List of Battles Included in the Exploratory Subsample

Exploratory Exploratory

subsample subsample

number ISEQNO number ISEQNO
1 6 51 206
2 7 52 214
3 ] 53 229
4 10 54 230
5 13 55 232
6 18 56 235
7 23 57 246
8 26 58 252
9 30 59 254
10 34 60 261
11 43 61 265
12 44 62 267
13 46 63 271
14 48 64 275
15 50 65 282
16 61 66 283
17 69 67 287
18 74 68 290
19 76 69 292
20 80 70 294
21 81 71 296
22 88 72 303
23 9l 73 306
24 92 74 311
25 97 75 312
26 100 76 315
27 103 77 322
28 104 78 326
29 114 79 327
30 115 80 329
31 119 81 330
32 124 82 332
33 126 83 333
34 131 84 336
35 132 85 338
36 136 86 342
37 144 87 343
38 150 88 345
39 151 89 347
40 157 90 348
41 160 91 353
42 166 92 - 357
43 171 93 359
44 183 94 363
45 - 189 95 365
46 191 96 373
47 200 97 378
48 201 98 381
49 202 99 387
50 203 100 389
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b. Other subsamples used are the WWII and the non-WWII subsamples. The
WWIT subsample consists of the 163 battles in the computerized data base
that started between 19400101 and 19491231. Here dates are given in the
form YYYYMMDD with YYYY indicating the year, MM the number of the month,
and DD the number of the day. For example, 19400101 means that the year is
1940, the month is number 1 (January), and the day is 1. The non-WWII sub-
sample consists of all battles in the computerized data base other than
those in the WWII subsample. Additional subsamples are defined as needed
in subsequent chapters.

2-6. NEXT STEPS REGARDING DATA BASES. The anticipated next steps for data
base work in support of CHASE include the items listed in Table 2-13.

Table 2-13. Next Steps for Data Bases

® Accomplish CDES contract tasks 1-9
° Revise and extend the computerized data base accordingly

° Purge the data base of all additional known or suspected
errors

° Bring the BWS and CORG data bases on line
° Document the descriptions of these computerized data bases

° Document the lessons learned regarding the preparation of
data bases on battles for use in quantitative analysis

2-7. CONCLUDING OBSERVATIONS ON DATA BASES

a. The HERO data base of 601 battles provides more detailed and syste-
matically tabulated information on more battles, especially recent battles,
than any other currently available data base. As a result, it often is
better suited to quantitative analysis than other sources of information.
The CDES contract results will substantially enhance its accuracy and
utility.

b. Additional, less comprehensive data bases will usefully supplement
information in the HERO data base, and can be used selectively to investi-
gate the extent to which findings based on the HERO data extend to other
data bases.
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CHAPTER 3
DESCRIPTIVE STATISTICS

3-1. INTRODUCTION. This chapter presents some of the descriptive statis-
tics generated using the computerized data base described in Chapter 2.
Descriptive statistics merely express compactly the most salient features
of the data, using the least sophisticated analysis techniques. This often
makes them the easiest to understand. Consequently, it is important to see
how much can be done with descriptive statistics, even though they are not
usually powerful enough to cope with some of the deeper and potentially
more important issues.

3-2. THE HERO DATA BASE REPRESENTS A WIDE RANGE OF COMBAT EXPERIENCE

a. Table 3-1 shows some general facts about the computerized data base.
Note that the range of battle dates includes the colonization of Jamestown
(1607) and Plymouth (1620), and the first safe visit of man to the moon
(1969). The total engaged troop strength, obtained by summing the number
of attacker and defender total strengths for all battles, amounts to about
the population of Bangladesh, the eighth most populous nation on earth.

The total battle casualties, obtained by summing the attacker's and defend-
er's personnel casualties for all battles, is about equal to the population
of New York state. The total battle days, obtained by summing the battle
durations of all battles, amounts to about 6.3 years. The total distance
advanced by the attacker (ATK), obtained by summing the distances advanced
in individual battles, is about equal to the round-trip airline distance
from Los Angeles, California to Pittsburgh, Pennsylvania. The total area
gained by the attacker, obtained by summing the products of width of front
and distance advanced for the individual battles, is about equal to the
area of Peru, the nation with the nineteenth largest area. Clearly, an
immense amount of battle experience is captured by this data base. The
period of time covered spans an extremely broad range of technologies, and
hence should allow important findings regarding trends to be derived.

b. However, it is also true that the computerized data base is mainly
representative of short, pitched land combat battles fought by organized
division- and corps-sized military formations during the 19th and early
20th Centuries in Europe or North America. The computerized data base con-
tains no sea or air battles, no sieges of heavily fortified positions, no
actions from the Korean, Malayan, Algerian, or Vietnamese wars, and has
very skimpy coverage of the early World War II (WWII) era battles (1936-
1942). The computerized data base has hardly any Asian, African, Mideast,
or South American wars (except for a smattering of colonial war battles,
and the recent Arab-Israeli wars of 1967 and 1973).
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Table 3-1. Scope of the Computerized Data Base

Total number of battles: 601

Battle dates: 1600-1973 A.D.

Total engaged strength: 89 x 106 troops

Total engaged troop-days: 1.1 x 109 troop-days
Total battle casualties: 19 x 106 troops
Average casualty rate: 2 percent per troop-day
Total battle days: 2,300 days

Total distance advanced by ATK: 6,900 km

Total area gained by ATK: 1.3 x 106 sq km

3-3. SUMMARY DISTRIBUTIONS OF SOME KEY VALUES

a. Table 3-2 shows the summary distributions of some key data base
values. For example, the attacker's (ATK) recorded strength ranged from
465 to 2,200,000 for the battles in the computerized data base; but half
the ATK strengths were less than 23,604, and 5/6 of them were less than
110,000. Also, 1/2 of the recorded ATK strength values were between 13,208
and 70,000, as can be seen from the columns headed 1/4 and 3/4, since
3/4 - 1/4 = 1/2. Similarly, 2/3 of the recorded ATK strength values were
between 8,700 and 110,000, as can be seen from the columns headed 1/6 and
5/6. Thus, most battles involved a division to a corps on the attack.
Analogous facts can be derived from Table 3-2 for the defender's (DEF)
strength, and for the other items listed.
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b. It is interesting to note that half the battles listed occurred after
1915 and half before, and only a few lasted more than 3 or 4 days. Likewise,
most battles listed had an attacker's width of front of 2 to 32 km.

c. For completeness, we note that the extreme values (MIN and MAX) in
Table 3-2 are associated with the battles listed below. In this 1ist, ISEQNO
designates the number of the battle in the computerized data base (see
Appendix H for a list of battles in order by ISEQNO). The dates on which
these battles began are given in the form YYYYMMDD, i.e., 19421126 means
that the year is 1942, the month is 11 (November), and the day is 26
(Thanksgiving Day).

e Attacker strength. Minimum for Chouigi pass, ISEQNO 391, 19421126.
Maximum for Vistula-Oder, ISEQNO 511, 194550122.

e Defender strength. Minimum for Medeah Farm, ISEQNO 368, 19181003.
Maximum for Defense of Moscow, ISEQNO 489, 19410930.

o Attacker casualties. Minimum for Kilsyth and Majuba Hill (tied),
ISEQNO 23 and 232, respectively; 16440815 and 18810227, respectively.
Maximum for First Somme, ISEQNO 304, 191660701.

e Defender casualties. Minimum for Tippermuir, ISEQNO 22, 16440901.
Maximum for Defense of Moscow, ISEQNO 489, 19410930.

o Attacker advance (km). Minimum for Nieuport, ISEQNO 1, 16000702.
(Several other battles were tied with Njeuport for the minimum.)
Maximum for Vistula-Oder, ISEQNO 511, 19450112.

e Attacker gain (sq km). Minimum for Nieuport, ISEQNO 1, 16000702.
(Several battles were tied with Nieuport for the Minimum.) Maximum
for Vistula-Oder, ISEQNO 511, 19450112.

o Frontal density (troops per km). Minimum for Nomonhan Opening
Engagement, ISEQNO 259, 1939053. Maximum for Minden, ISEQNO 75,
17590801.

o Battle date. Minimum for Nieuport, ISEQNO 1, 16000702. Maximum
for Mount Hermon III, ISEQNO 601, 19731022.

e Duration (days). Minimum for Nieuport, ISEQNO 1, 16000702.
(Several other battles were tied with Njeuport for the minimum.)
Maximum for Ypres III, ISEQNO 319, 19170731.

o Width of front (km). Minimum for St Amand Farm, ISEQNO 355,

19180718. Maximum for Moscow Counteroffensive, ISEQNO 490,
19411205.
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distribution of battles by date.

THE DISTRIBUTION OF BATTLES IN TIME.
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Figure 3-1 shows the cumulative
Note that very few battles in the comput-

erized data base occurred between 1600 and 1620.

Then a cluster of battles

from the Thirty Years War is listed. Between that period and the era of

the War of the Austrian Succession and the Seven Years War only a few battles
are listed in the computerized data base, and so forth. Each major war
contributed a cluster of battles to the computerized data base. Also, over
half of the battles listed before 1900 occurred during either the Napoleonic
Wars or the American Civil War.
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Figure 3-1. Cumulative Distribution of Battles by Date
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3-5. FRACTION OF BATTLES WON BY THE ATTACKER

a. Figure 3-2 shows for selected time periods the fraction of battles
won by the attacker in the computerized data base. Thus, in the 1600-1699
time period, 36 out of the 48 battles listed in the computerized data base
(i.e., 75 percent) were won by the attacker. Superficially, it appears
from Figure 3-2 that the fraction of battles won by the attacker decreased
gradually from 1600 to just before 1900, and thereafter rose somewhat; and
perhaps it did. But the statistical confidence bands on the average frac-
tions are so broad that the data are also consistent with the assumption
that the fraction of the battles won by the attacker has remained constant
at about 61 percent over the entire time period 1600-1979. This is shown
in Figure 3-2 by the fact that all of the confidence bands overlap, usually
by fairly wide margins, the line at 61 percent.
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Figure 3-2. Fraction of Battles Won by Attacker versus Time Period

b. Table 3-3, showing battle outcome versus time period, was prepared
to examine this issue in more detail. The chi-square test for independence
in contingency tables (Ref 3-1 and 3-2), applied to Table 3-3, indicates
that the significance level is a 1ittle over 10 percent. So, the evidence
in favor of a secular change in the probability of an attacker victory is
too slight to be depended upon.
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Table 3-3. Battle Outcome versus Time Period

Number of battles (percent of row total)a

Time period

ATKWIN DRAW or DEFWIN Total

1600-1699 36 (75.00) 12 (25.00) 48 (100.00)
1700-1799 38 (58.46) 27 (41.54) 65 (100.00)
1800-1849 28 (54.90) 23 (45.10) 51 (100.00)
1850-1899 39 (52.00) 36 (48.00) 75 (100.00)
1900-1939 85 (58.22) 61 (41.78) 146 (100.00)
1940-1949 107 (65.64) 56 (34.36) 163 (100.00)
1950-1979 35 (66.04) 18 (33.96) 53 (100.00)

Total 368 (61.23) 233 (38.77) 601 (100.00)

apercentages may not sum to total due to rounding. Chi-square = 10.01
at 6 degrees of freedom, which is significant at a 1ittle over the 12 per-
cent level.

3-6. DISTRIBUTION OF BATTLE DURATIONS

a. As noted in Appendix I, the HERO data base gives battle durations
(T) in units of days, which is too coarse a time scale to be useful for
many purposes, including any sophisticated statistical work on battle
durations. However, it is of interest to obtain a descriptive distribution
of battle durations for the computerized data base. This was done by a
trial-and-error process of fitting alternative distributions to the empirical
distribution of battle durations.

b. Table 3-4 shows that the battle durations can be rather closely fit-
ted by Weibull distributions with an offset of 1/2 day. This offset may be
caused by the coarseness of the time scale. This is an intriguing finding
since the Weibull distribution is often used as a distribution of time to
failure in reliability engineering. Weibull distributions have also been
reported to fit the distribution of the durations of battle and nonbattle
personnel disablement periods (see the Editor's Introduction to Reference
3-3), industrial strikes (Ref 3-4), and wars (see Ref 3-4 and the Editor's
Introduction to Ref 3-3).
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Comparison of Battle Duration Distributions

Table 3-4.

3-8
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c. Although the Weibull distribution has a strong theoretical appeal
because of its connection with the theory of reliability, it is nevertheless
true that a lognormal distribution adequately fits the battle duration data,
as shown in Table 3-4, Figure 3-3, and Figure 3-4. The lognormal distribu-
tion also fits the duration data on wars and industrial strikes about as
well as the Weibull distribution does (Ref 3-5). However, as Figures 3-3
and 3-4 show, an exponential distribution is a much worse fit to the data
than either the Weibull or the lognormal distribution.
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Figure 3-3. Comparison of Battle Duration Distributions for A11-HERO Data
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d. For the durations of wars, Weiss (Ref 3-6) has derived a distribution
entirely different from those cited above. No attempt was made in this

phase of the CHASE Study to fit Weiss's form of distribution to the battle
duration data. )

3-7. DISTRIBUTIONS OF SOME OTHER SELECTED QUANTITIES
a. Description of Quantities Selected
(1) We will present the empirical distributions of the following
quantities:
e Attacker's personnel casualty fraction, FX
o Defender's personnel casualty fraction, FY -
e Attacker's personnel force ratio, FR
o Defender's personnel casualty exchange ratio, CER
e Attacker's adjudged mission accomplishment rating, ACHA
¢ Defender's adjudged mission accomplishment rating, ACHD
(2) Except for ACHA and ACHD, these quantities are not given directly

by the information in the data base, but are derived from directly-given
quantities. Their definitions are as follows (see also the Glossary):

¢ FX=CX/ X0
e FY=CY/ YO
e FR=X0/ YO
e CER =CX / CY
e FER =FX / FY

Clearly, FER may also be written in the mathematically equivalent form
FER = CER / FR.
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b. Summary Distributions. Table 3-5 gives the summary distributions of
FX, FY, FR, CER, and FER. We observe from this tabulation that in the com-
puterized data base battles, the defender's casualty fraction tends to be
larger than the attacker's. For example, the median values of FX and FY
are about 7.1 and 12.3, respectively, and FY is roughly double the FX at
the same cumulative probability level. We also observe that casualty frac-
tions in excess of 20 or 30 percent do occur in these battles, but that
they are rare. The median FR value is about 1.5. Also, we see from Table
3-5 that the attacker was outnumbered (that is, FR less than 1.0) in about
1/3 of the battles in the computerized data base, was in fact outnumbered
by better than 5 to 4 (that is, FR less than 0.8) in over 1/6 of those bat-
tles, and was able to achieve better than a 3 to 1 force ratio (FR greater
than 3.0) in about 1/6 of the battles. In about 2/3 of the battles, the
force ratio was between 0.8 and 3.0. As shown by Table 3-5, the median CER
is about 1.0, indicating that the attacker's casualties outnumber the defend-
er's (that is, CER greater than 1.0) in about half of these battles. As
shown by Table 3-5, the attacker's personnel casualties are 1/2 to 2 times
the defender's in about half the battles. They are between 1/3 and 3 times
the defender's casualties in about 2/3 of the battles. Although either the
attacker's or the defender's casualty exchange ratio reportedly exceeds 100
to 1 for some battles, these values strain one's credulity. Note that the
personnel losses CX and CY are not supposed to include prisoners taken in
pursuit after the main battle has ended (see Appendix E, paragraph E-2c(2)).
Some of the FER values also seem incredibly high or low.

Table 3-5. Summary Distributions of Some Selected Quantities

Empirical cumulative distribution for A11-HERO data

Quantity MIN 1/6 1/4 1/3 1/2 23 | 34 | sss MAX
FX (percent) 0.122 1.750  2.546  3.529  7.065 12.141  16.129  21.818  84.455
FY (percent) 0.033 3.512 5.085 7.292 12.282 20.688 28.266 36.296 100.00
FR 0.236 0.809 0.948  1.077  1.522  2.031  2.438  3.034  20.1530
CER 0.001 0.267 0.400 0.567  0.966  1.500  1.953  2.752  3,000.0
FER 0.00139  0.158 0.242 0.336  0.619  1.050  1.357  1.889  1,323.5
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c. Graphical Distributions

(1) Distributions Other than Achievement Scores. Figures 3-5 through
3-8 provide graphical distributions for FX, FY, FR, CER, and FER. Note
that these empirical distribution functions are plotted on lognormal prob-
ability scales. This was done to improve the linearity of the plotted empir-
jcal distribution curves. The straight lines shown in Figures 3-6 through
3-8 were fitted by eye to the empirical distribution functions. These graphs
suggest that FX, FY, FR, CER, and FER are approximately lognormally distri-
buted (see Ref 3-7 for a description of the lognormal distribution).
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Figure 3-5. Empirical Distribution of Personnel Casualty Fractions for
the Attacker (FX) and for the Defender (FY), Using A11-HERO Data
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(2) Since FX, FY, FR, CER, and FER may be approximately Tognormally
distributed, it is appropriate to present some descriptive statistics for
the distributions of their logarithms. This is done in Table 3-6. The
headings in this table have the following significance:

MEAN is the average value of the quantity for the battles in the
computerized data base (Ref 3-8).

S.D. is the standard deviation of the quantity for the battles in
the computerized data base (Ref 3-8).

SKE? is the coefficient of skewness (see Glossary and Refs 3-1,
3-8 .

XKURT is the coefficient of excess kurtosis, sometimes called
simply the excess (see Glossary and Refs 3-1, 3-8).

MIN and MAX are the minimum and maximum values of the quantity in
the computerized data base. The table gives the MIN and MAX
values, and the ISEQNOs of the battles at which the MIN and MAX
values occur. See Appendix H for an index of battles by ISEQNO.

Sample Size is the number of battles on which the MEAN and S.D.
values are based (Ref 3-2).

PROB. KOLMOG. EXCEEDANCE is the probability that the Kolmogoroff
test criterion is exceeded (see Glossary and Refs 3-2, 3-8, 3-9).
The Kolmogoroff test is also sometimes called the
Kolmogoroff-Smirnov test.

Table 3-6. Descriptive Statistics of Some Selected Quantities Using

All-Hero Datad

MIN MAX PROB. KOLMOS.

Quantity MEAN S.D. SKEW XKURT Sample EXCEEDANCE

Value I ISEQNO Yalue Jﬁ ISEQNO size (percent)
LOG(FX) -2.777 1.201 -0.322 -0.562 -6.705 23 -0.169 92 583 2.9
LOG(FY) -2.178 1.238 -0.589 0.467 -8.006 22 0.000 78 583 " 16.9-
LOG(FR) 0.466 0.728 0.544 0.432 -1.372 531 3.003 371 598 6.0
LOG(CER) -0.132 1.361 -0.057 3.675 -6.908 23 8.006 22 583 15.1
LOG(FER) -0.599 1.482 -0.190 2.019 -6.580 23 7.188 - 22 583 7.7

3See text, paragraph 3-7c(2), Chapter 3, for an explanation of the column headings.
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The PROB. KOLMOG. EXCEEDANCE values provide a measure of how close the empir-
jical distribution function is to being lognormal. Specifically, they indi-
cate that the empirical distributions of FY and CER are approximately log-
normal, that the empirical distributions of FR and FER may be only marginally
lognormal, and that the empirical distribution of FX is statistically sign-
ificantly different from lognormal.

(3) Distributions of the Attacker's and Defender's Achievement Scores.
Figure 3-9 presents the distributions of the attacker's and defender's
achievement ratings. These quantities are symbolized by ACHA and ACHD,
respectively. As explained in Appendices E and F, they are ratings on a
scale of O (unsuccessful) to 10 (fully successful) of the extent to which
the respective sides were able to accomplish their missions. From
Figure 3-9, it is evident that, on the average, the attacker is rated higher
in mission accomplishment than the defender--which is consistent with scor-
ing the attacker as the victor in 61 percent of the battles, as mentioned
in paragraph 3-5. As shown by the relative lengths of the bars in Figure
3-9, the attacker is credited much more frequently than the defender with
an achievement rating of 8, 9, or 10. Similarly, the defender is given
much more frequently than the attacker an achievement rating of 2, 3, or 4.
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Figure 3-9. Histogram of Achievement Scores for Attackers and Defenders
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3-8. THE DEPENDENCE OF VICTORY ON FORCE RATIO

a. The question of the extent to which victory in battle is dependent
on force ratio has been contemplated by many students of military history
and science. Many of them have argued that force ratio has a strong, almost
conclusive influence on the outcome. This view is represented by such
aphorisms as "Get thar fustest with the mostest," "God is always on the
side of the big battalions," "Place the maximum force at the decisive point,"
and so forth. Clausewitz (Ref 3-10), in Book 3, Chapter 8, immediately
after citing the examples of Leuthen, Rossbach, Dresden, Kolin, and Leipzig-
-all of which were fought either by Frederick the Great or by Napoleon--
states flatly that, "These examples may show that in modern Europe even the
most talented general will find it very difficult to defeat an opponent
twice his strength. When we observe that the skill of the greatest comman-
ders may be counterbalanced by a 2 to 1 ratio in the fighting forces, we
cannot doubt that in ordinary cases, whether the engagement be great or
small, a significant superiority in numbers (it does not have to be more
than double) will suffice to assure victory however adverse the other circum-
stances. ... The first rule, therefore, should be: put the largest pos-
“sible army into the field." 1In a similar vein, General Depuy states (Ref
3-11) that, “"Conventional military wisdom has long had it that a defender
can cope with a 3 to 1 adverse force ratio. ... Conventional wisdom, based
on experience, is supported by wargaming and analysis. Over a long period,
the wargames conducted at Ft. Leavenworth, Kansas, the Combined Arms Center
of the US Army, affirm that the defender usually begins to lose when the
attacker's advantages rise above 3 to 1. ... At the Army Materiel Systems
Analysis Agency, Aberdeen Proving Ground, Maryland, the threshold is 2.6 to
1. So, 3 to 1l is a good round figure." Nevertheless, several analyses
applying quantitative methods to historical combat data found only a weak
dependence of victory on force ratio (Refs 3-12, 3-13, 3-14, 3-15, 3-16,
and 3-17).
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b. To determine what 1ight might be shed on this issue by the computer-
ized data base, we constructed Table 3-7, displaying battle outcomes versus
various ranges of force ratio. The chi-square test for independence in
contingency tables (Refs 3-1, 3-2) applied to Table 3-7, indicates that the
significance level is about 4 percent. Hence, battle outcomes do indeed
depend on force ratio.

Table 3-7. Battle Outcome versus Force Ratio for A11-HERO Data

Force ratio Number of battles (percent of row total)a
Range DEFWIN DRAW ATKWIN Total
Less than 1/3 2 (40.0) 0 (0.0) 3 (60.0) 5 (100.00)
Between 1/3 and 2/3 23 (51.1) 1 (2.2) 21 (46.7) 45 (100.00)
Between 2/3 and 3/2 88 (35.8) 16 (6.5) 142 (57.7) 246 (100.00)
Between 3/2 and 3 60 (30.6) 12 (6.1) 124 (63.3) 196 (100.00)
Greater than 3 23 (21.7) 5 (4.7) 78 (73.6) 106 (100.00)
Total 196 (32.8) 34 (5.7) 368 (61.5) 598 (100.00)

dPercentages may not sum to total due to rounding. Chi-square = 16.18
at 8 degrees of freedom, which is significant at about the 4.0 percent level.

c. However, the degree of dependence is by no means as marked as some
might have expected. For example, although the attacker wins about 74 percent
of the battles in which the force ratio is at least 3, he also wins about
62 percent of the battles regardless of whether the force ratio is favorable
or not. Hence, a force ratio of 3 raises the attacker's chance of winning
from about 62 percent to about 74 percent. No doubt this is a worthwhile
increase, and one the attacker is surely loath to forego, but it is far
from assuring a victory by the attacker. Nor is it by any means necessary
for the attacker to muster a 3 to 1, or even a 2 to 1, advantage to win.
Table 3-7 shows that the attacker's chance of winning is still close to 50
percent even for FR values between 1/3 and 2/3, that is, when the attacker
is outnumbered by between 1 to 3 and 2 to 3.

d. That there is a statistically significant, but only a weak and not
particularly reliable dependence of battle outcome on force ratio, is a
finding that supports and confirms the earlier quantitative analyses cited
in the preceding paragraph. The search for factors associated with victory
is continued in Chapter 4.
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3-9. NEXT STEPS FOR DESCRIPTIVE STATISTICS. The present findings are but

a token of the descriptive statistics that could be developed. Table 3-8
1ists some of the desirable next steps for descriptive statistics work.

Table 3-8. Next Steps for Descriptive Statistics

e Recalculate and revise the descriptive statistics as the CDES results
become available

e What data to trust, include, or treat separately hinges on resolution
of the WWII anomaly (see Chapter 4, paragraph 4-4 for a description
of the WWII anomaly)

® Add distributions of rates (of advance, of losses, etc.) as CDES
provides more precise data on battle durations

o Plot selected values versus battle date

e Correlate and cross-plot pairs of variables, e.g.,
-- The two measures of surprise (SURPA and SURPAA)
-- Maneuver (MANA) and linear troop density
-- Casualties (CX and CY)

e Look for connections between the subjective and objective assessments,
e.g., subjective terrain favoring attacker (TERRA) vs

-- Objective terrain descriptors (TERRAL/TERRA2)
-- Objective weather descriptors (WX1/WX2/WX3)
e Try to fit functions to various distributions, e.g.,

-- Are the attacker and defender casualty fractions (FX and FY)
Weibull-distributed?

-- Is the force ratio (FR) lognormally distributed?
-- Is battle duration (T) distributed according to Weiss's formula?

o Look for interrelationships among variables, e.g., between losses and
battle duration

e What can be said about losses of heavy equipment (such as armor,
artillery, air)

o Interpret and document findings
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3-10. CONCLUDING OBSERVATIONS ON DESCRIPTIVE STATISTICS

a. Descriptive statistics express succinctly the predominant character-
istics of a mass of data and provide insights that usefully supplement those
obtained by a study of individual cases. However, a clear perception of
cause and effect relationships usually requires more sophisticated techniques.

b. The HERO data base is mainly representative of short, pitched land
combat battles fought by organized division- and corps-sized military forma-
tions during the 19th and early 20th centuries in Europe and North America.

c. The attacker won about 61 percent of the 601 batties recorded in the
HERO data base. The probability of an attacker victory may have declined
slightly from 1600 to about 1850-1900, and then risen between 1850-1900 to
the 1970s, but the evidence for this gradual secular change is too slight
to be depended upon.

d. Battle durations seem to be distributed approximately as Weibull or
lognormal random variables.

e. The defender's personnel casualty fraction tends to be larger than
the attacker's.

f. The attacker's personnel force ratio seems to be distributed roughly
as a lognormal random variable. The attacker outnumbers the defender by a
3 to 1 margin in only about one-sixth of the battles. Victory seems to
depend somewhat on force ratio, but not in a particularly reliable way. A
3 to 1 force ratio is neither necessary nor sufficient to assure a victory
in a battle.

g. The defender's personnel casualty exchange ratio is distributed
approximately as a Tognormal random variable. Since its median value is
close to unity, the attacker's personnel casualties outnumber the defender's
in about half the battles.

h. The defender's personnel fractional exchange ratio seems to be distri-
buted roughly as a lognormal random variable. It is less than unity in
about two-thirds of the battles.
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CHAPTER 4
FACTORS ASSOCIATED WITH VICTORY

4-1. INTRODUCTION

a. Scope and Objectives. This chapter presents an initial analysis of
the factors associated with victory. It can be considered as an early stage
in the refinement and expansion of the discussion of the dependence of vic-
tory on force ratio in Chapter 3, paragraph 3-8. This work is motivated
partly by the desire to uncover all of the important causes of victory in
battle. However, it is also motivated by the following important technical
statistical considerations. Many of the statistical techniques intended
for subsequent use in CHASE require variables that are one-dimensional,
continuous, unbounded above and below, and equipped with a measure of the
distance between two different values. Yet the conventional designation of
battle outcomes as wins and losses (or as wins, losses, and draws) provides
only a discontinuous and bounded variable that, while one-dimensional, is
not equipped with any evident measure of the distance between two different
values. Thus, a main goal of this preliminary analysis is to find at least
one variable that is:

(1) One-dimensional.
(2) Continuous.
(3) Unbounded above and below.

(4) Equipped with a measure of the distance between two different
values.

(5) Sufficiently representative of the conventional win, lose, or
draw categories of battle outcome that it can be substituted for them in
later statistical analyses.

b. Outline of Approach. Each of the following six variables will be
considered for suitability as a surrogate for the conventional battle out-
come categories:

(1) Force ratio (FR)

(2) Bitterness (EPS)

(3) Casualty exchange ratio (CER)
(4) Fractional exchange ratio (FER)
(5) Advantage (ADV)

(6) Residual advantage (RESADV)
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Each of these variables can be defined objectively and quantitatively in
terms of the initial personnel strengths and losses to the engaged sides,

as shown in paragraph 4-2, below. Thus, all of them are determined by
objective numerical data rather than by subjective or qualitative data. In
addition, each of them (possibly after taking their logarithms, as in the
case of FR, EPS, CER, and FER) satisfies criteria (1) through (4), above.
Thus, (5) is the only criterion that remains to be addressed. In this paper,
logistic regression is the principal technique used to assess the degree to
which the surrogate variables are representative of the conventional battle
outcome categories (win, lose, or draw). Logistic regression--not to be
confused with logarithmic regression--is a statistical method that is widely
used for similar purposes in traffic flow, safety, toxicology, pharmacology,
economics, sociology, and other disciplines. Appendix J provides an intro-
duction to the theory of this technique. For additional related material
see Refs 4-1, 4-2, and 4-3. However, before applying logistic regression,
we need to define some of the candidate variables (particularly ADV, EPS,
and RESADV) and to indicate why they are included as possible surrogates

for the conventional battle outcome categories.

4-2. DEFINIinN AND EMPIRICAL DETERMINATION OF CANDIDATE VARIABLES

a. Orientation. The variables FR, CER, and FER were defined in Chapter
3, paragraph 3-7, and do not require further explanation. The variables
ADV and EPS arise naturally from a consideration of Lanchester's square-law
equations, and RESADV is defined in terms of ADV and FR. Accordingly, we
begin with a consideration of Lanchester's equations which we write in the
form:

dX/dt = - DD * Y (4-1.1)
dY/dt = - AA * X ‘ (4-1.2)
X(0) = X0 (4-1.3)
Y(0) = YO (4-1.4)

where X = X(t) and Y = Y(t) are the attacker's and the defender's surviving
personnel strengths at time t into the battle, X0 and YO are the attacker's
and defender's initial personnel strengths, and AA and DD are the attacker's
and the defender's personnel activity parameters that measure the rate at
which they inflict losses on the opposing side (in number of opponents lost
per friendly troop per unit time). The following discussion of these equa-
tions is based on material in Refs 4-4, 4-5, and 4-6.
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b. Solution of Lanchester's Equations. A general scientific principle
is to consolidate two or more variables into one dimensionless quantity in
order to simplify the problem by reducing the number of variables that need
to be addressed. To apply this principle to Lanchester's equations, divide
the strengths by their initial values to write Equations (4-1) as:

dA/dt = - DELTA * D (4-2.1)
dD/dt = - ALPHA * A (4-2.2)
A(0) = 1 (4-2.3)
D(0) =1 (4-2.4)
where:
A=X/X0 (4-3.1)
D=Y /Y0 (4-3.2)
ALPHA = AA * X0 / YO (4-3.3)
DELTA = DD * YO / XO (4-3.4)

The solution of Equations (4-2) can be written as:

A = COSH(EPS) - MU * SINH(EPS) (4-4.1)

D = COSH(EPS) - MU-1 * SINH(EPS) (4-4.2)
where:

MU = SQR (DELTA / ALPHA)

= (YO / X0) * SQR (DD / AA) (4-5)

EPS = T * LAMBDA (4-6)

LAMBDA = SQR (ALPHA * DELTA) = SQR (AA * DD) (4-7)
and:

T = Duration of the battle, in time units.

c. Theoretical Interpretation of the Parameters Appearing in the
Solution of Lanchester's Equations. The parameters in question are EPS,
MU, and LAMBDA, where EPS and LAMBDA are related as in Equation (4-6). As
will now be explained, these parameters are of important theoretical sign-
ificance. Moreover, as is shown in paragraph 4-2d, their values for a battle
can be estimated from historical data. The empirical values of
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these parameters will play a large role throughout the remainder of this
chapter. By Equation (4-7), LAMBDA is the geometric mean of the attacker's
and the defender's activity coefficients in a battle and has the dimensions
of a rate. Accordingly, LAMBDA is an index of the average rate at which

the casualty fractions increase during a battle, and so will be called the
intensity of the battle. Then EPS, being by Equation (4-6) the product of
an average rate by the time over which it persists, is an index of the total
casualty fraction incurred over the whole course of the battle. Hence, it
will be called the bitterness of the battle (see also Equation (4-12.2)).
The value of MU determines which side has the upper hand, in the sense that:

(1) If MU is greater than 1, then A theoretically goes to zero before
D does and so the defender has the upper hand.

(2) If MU is less than 1, then D theoretically goes to zero before A
does and so the attacker has the upper hand.

Accordingly, we define the (defender's) advantage to be:
ADV = LOG(MU), (4-8)
so that the defender theoretically has the advantage when ADV is greater

than zero but is at a disadvantage relative to the attacker when ADV is
less than zero, as illustrated in Figure 4-1.

SURVIVING FRACTION 1
OF ATTACKER (A)

0 SURVIVING FRACTION 1
OF DEFENDER (D)

Figure 4-1. Effect of Advantage on Attrition History
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d. Empirical Determination of ADV and EPS

(1) Empirical Formulas for MU, ADV and EPS. Equations (4-8), (4-5),
(4-6) and (4-3) give the MU, EPS, and ADV parameters in terms of the
Lanchesterian personnel activity parameters AA and DD. These formulas can,
of course, be used only when the activity parameters are known a priori.
However, Refs 4-4 and 4-6 show that empirical estimates of MU, EPS and ADV
can be obtained from empirical values of the initial and the final
strengths, even though a priori values of the activity parameters are
unknown. Now, the HERO data base does give the initial personnel strengths
(X0 and Y0), and the personnel battle casualties (CX and CY) suffered in
the course of the battle. The method of Refs 4-4 and 4-6 sketched below
shows how to use these data to obtain empirical estimates of MU, EPS and
ADV. (Although the method obviously applies when X and Y are interpreted
as empirical values for the surviving personnel at any time t after the
start of the battle, most applications of it--including those in this
paper--have to take t = T, i.e., they have to use the empirical values of X
and Y at the end of the battle. The reason for this is, of course, that
historical data are seldom available on surviving strengths at intermediate
times during the battle.) When X0 and YO are the initial personnel
strengths, and CX and CY are the battle casualties at time t into the
battle, the corresponding surviving strengths are

X = X0 - CX

Y=Y0 - CY
and Equations (4-3) give the surviving personnel fractions as
A=X/X0

Y/ YO

D

Then, as shown in Refs 4-4 and 4-6, Equations (4-4) can be solved for MU
and EPS in terms of A and D to obtain the following empirical estimates of
MU and EPS:

MU = SQR ((1 - A2) / (1 - D2)) (4-9)

EPS = LOG ((1 +MU) / (A+ D * MU)) (4-10)

Equation (4-8) then yields the empirical estimate of ADV as
ADV = LOG (MU).

(2) Approximations to the Empirical Formulas for MU, EPS and ADV.
For the battles in the computerized data base, EPS is often less than 0.2

or 0.3. The values of the hyperbolic functions for small values of EPS are
shown in Table 4-1.
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Table 4-1. Hyperbolic Functions for Small Values of EPS

EPS COSH(EPS) SINH(EPS)
0.0 1.00000 0.00000
0.1 1.00500 0.10017
0.2 1.02007 0.20134
0.3 1.04534 0.30452
0.4 1.08107 0.41075
0.5 1.12763 0.52110

From Table 4-1, we see that for sufficiently small va1ues of EPS, the fol-
lowing approx1mat1ons hold:

1
EPS

COSH(EPS)
SINH(EPS)

(4-11)

Substituting these approximations into Equations (4-4), recalling that by
definition FX =1 - A and FY = 1 - D, and solving for MU and EPS yields the
following approximations:

MU

SQR (FX / FY) = SQR (FER) (4-12.1)

EPS = SQR (FX * FY). (4-12.2)

Equations (4-12) will be called the linear approximations. By expanding
the hyperbolic functions in a series and retaining in all calculations only
terms of order EPS3 or lower, the following more exact approximations can
be derived:

Mu2

FER * ((1 -FX/2)/ (1 -FY /2)) (4-13.1)

i

EPS2 = (FX * FY) / (1 - (FX + FY) / 2) (4-13.2)
Equations (4-13) will be called the cubic approximations. To test the
validity of these approximations, we compare the approximate values of MU
(or of ADV = LOG(MU)) and EPS based on them to the exact values based on
Equations (4-9) and (4-10). The results for the computerized data base are
shown in Figures 4-2, 4-3 and 4-4, and can be summarized as follows:
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ure 4-2 shows that ADV = LOG (MU) is approximately equal to
?, as asserted by Equation (4-12.1).
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Figure 4-2.
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Comparison of Exact and Linear Approximation Values for ADV
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(b) Equation (4-12.2) is a fairly good approximation when EPS is
less than 0.2 (Figure 4-3).

EPS
1.0
0.8 =
0.6 2
0.4 = =
0.2 - 1 ,
=
0 =
M 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0

SQR (FX * FY)

Figure 4-3. Comparison of Exact and Linear Approximation Values for EPS
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Equation (4-13.2) is a better approximation, valid for the entire computer-

ized data base (Figure 4-4).

EPS
1.2 =
1.0
0.8 - =4
0.6 . i
.;
=
==
=
0.2 = =
1 I i 1 i 1
. » 0.4 7 0.6 0.8 1.0 1.2
SQR((FX * FY)}/(1 - (FX + FY)/2)
Comparison of Exact and Cubic Approximation Values for EPS

Figure 4-4,
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(3) Interpretation. These approximations illuminate the tactical
significance of the parameters MU and EPS and confirm the theoretical inter-
pretation of them offered in paragraph 4-2c. This is especially true for
EPS (bitterness) since it is related directly to the geometric mean of the
casualty fractions FX and FY as shown by Figure 4-3. Thus, EPS does indeed
correspond to the nontechnical concept of the bitterness or bloodiness of a
battle. The interpretation of ADV as an index of (the defender's) advantage
is confirmed by Figure 4-5. That figure was generated by:

(a) Listing the battles in increasing order by their empirical ADV
values,

(b) Segmenting this 1ist into blocks of 40 contiguous battles each
and averaging the ADV values for the battles in each block,

(c) Computing for each block the proportion of battles won by the
attacker and the usual 95 percent confidence band about that proportion,
and

(d) Plotting the values found in step (c) against those found in
step (b), with a 95 percent confidence band on the proportion.

That the probability of an attacker victory depends strongly on ADV, and in
particular declines precipitously as ADV changes from about -0.2 to +0.2,
is beyond doubt. The method used to generate Figure 4-5 is technically
crude and so has a number of serious limitations. However, this is a
situation that is quite suitable for the application of Tlogistic regression
techniques, to which we will turn in paragraph 4-3.

PROPORTION OF
BATTLES (2)

100

I L] ¥y ¥ 7rT17rT v ¥y ¥ ¥

Upper boundary, 95%
confidence band

Average

\Lmuer boundary .
95% confidence -
band ADY = O and

proportion =

ol e e o b o 0 4 i )

-2 -1 0 1 2
ADJUSTED ADV

Figure 4-5. Proportion of Battles Won by Attacker versus Adjusted ADV
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e. Determination of RESADV. References 4-4, 4-5, and 4-6 present
evidence that, on the average, ADV depends approximately linearly on LOG(FR),
so that:

ADV = a + b * LOG(FR) + RESADV, (4-14)

where a and b are the so-called regression coefficients and the residual
RESADV behaves like a normal random variable with zero mean. On the basis
of empirical evidence, Ref 4-4, 4-5, and 4-6 suggested that RESADV might be
even more closely related to victory in battle than ADV. The empirical
value of RESADV depends on what values are used for the regression coeffi-
cients, so we define the residual advantage relative to particular values
of the regression coefficients to be:

RESADV(a,b) = ADV - a - b * LOG(FR). (4-15)

RESADV(a,b) can be considered to be the residual value of ADV after the
average effect of any differences in FR values is removed. Reference 4-6
suggested on empirical grounds that the values a = 0 and b = -1/3 are fairly
representative, so in this paper they are considered to be the "standard"
values. Often RESADV(a,b) can be abbreviated to RESADV--usually the context
will make it clear whether RESADV is to be interpreted as the general expres-
sion in Equation (4-15) or as the value relative to some particular choice

of regression coefficients.

4-3. LOGISTIC REGRESSION

a. Orientation. Logistic regression techniques (see Appendix J) will
be used to search for at least one variable that satisfies the criteria
stated in paragraph 4-1. After reviewing the various logistic regression
calculations that were considered, attention is focussed on the independent
variables most closely associated with victory. The intimate association
of these variables with victory is confirmed by a closer analysis and from
several different points of view. Some observations are offered on the
significance and application of these findings.
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b. Choices for Logistic Regression Calculations. Many logistic regres-
sion calculations are conceivable, since the regression problem can be spec-
ified in various ways. A1l of the specifications addressed in this chapter
are a subset of those outlined in Table 4-2, and the choices listed therein
are explained later in this paragraph. Results and interpretations of the
logistic regressions are presented in subsequent paragraphs.

Table 4-2. Choices for Logistic Regression Computations

1. Treatment of drawn battles

1.1 Draws treated as draws, an outcome distinct
from an attacker or a defender win

1.2 Draws treated as a defeat to the attacker,
and hence as a win for the defender

2. Data subsets
2.1 AT1-HERO
2.2 Pre-1940 or post-1940
2.3 WWII or non-WWII

2.4 1600-1699, 1700-1799, 1600-1799, 1800-1849,
1850-1899, 1900-1939, 1940-1949, 1950-1979

3. Independent variables
3.1 ADV
3.2 LOG(FER)
3.3 RESADV
3.4 LOG(CER)
3.5 LOG(EPS)
3.6 LOG(FR)
4, Strengths adjusted or unadjusted for replacement.

5. Symmetry forced or not forced.
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(1) Treatment of Draws. In the data base, battle outcomes are recorded
under WINA (see Glossary) as attacker wins, defender wins, or draws. It
can be argued that draws should be lumped with the defender victories, since
in drawn battles the defender stymies the attacker and prevents him from
achieving his offensive ambitions. Although, for the most part, our logistic
regression calculations treat draws as draws, in some cases the calculations
were repeated with draws counted as defender wins in order to see how that
would affect the results.

(2) Data Subsets. Various battle groupings can supply the observations
to which the logistic functions are fitted. The battle groupings used in
this chapter are indicated in Table 4-2.

(3) Independent Variables. In this paper, each of the variables ident-
ified in paragraph 4-1b and repeated in Table 4-2 were used as the indepen-
dent variable in one or more logistic regression calculations. Of course,
considering the findings of paragraph 4-2, we anticipate that:

(a) Using ADV or LOG(FER) as the independent variable should lead
to essentially the same logistic regression results. By Equations (4-12.1)
and (4-8), we have the linear approximation:

ADV = LOG(MU) = (%) * LOG(FER),
so that ADV is approximately half LOG(FER).

(b) LOG(EPS) should be only weakly related to WINA, since by para-
graph 4-2c EPS theoretically does not affect winning or losing.
The logistic regression results presented later (see Table 4-3) tend to
confirm these expectations.

(4) Adjustment of Strengths. Paragraph 4-2 defines the independent
variables in terms of the initial and final personnel strengths of the
engaged sides in a battle. But the data base gives "total engaged" personnel
strengths which for most of the battles are the desired initial strengths,
but which for some battles are either average daily strengths or total
strength committed during the course of the battle. Unfortunately, the
HERO data base does not identify which "total engaged" values are initial
and which are not. Clarification of this situation is part of the CDES
contract, as explained in Appendix I (paragraph I-3c) but the results were
not available for use in this paper. Accordingly, some of the logistic
regression calculations use the "total engaged" values as though they were
in all cases the initial strengths--these are called the unadjusted strengths.
However, in most of the logistic regression calculations, the following
procedure was used to adjust the "total engaged" values to approximate the
effect of replacements:

(a) If the battle duration T is less than 10 days, the initial
strength is taken equal to the "total engaged" strength.
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(b) If the battle duration is at least 10 but less than 20 days,
the initial strengths are taken to be:

X0

Total Engaged (ATK) + CX /2
YO

Total Engaged (DEF) + CY /2

(¢) If the battle lasts 20 days or more, the initial strengths are
taken to be:

X0

Total Engaged (ATK) + CX
YO

Total Engaged (DEF) + CY.
(d) In all cases, final strengths are calculated as:

X

X0 - CX

Y = Y0 - CY.

This adjustment process is clearly only a rough approximation to the effects
of replacements over a lengthy battle. Fortunately, this chapter's logistic
regression results are nearly the same whether adjusted or unadjusted
strengths are used. This is partly due to the fact that battles in the

HERO data base seldom continue for as long as 10 or 20 days. For example,
only about 4 percent of the battles lasted at least 10 but less than 20
days. Another 4 percent lasted 20 days or more (see, for example, the
columns labeled "Empirical" in Chapter 3, Table 3-4).

(5) Symmetry. In the notation of Appendix J, a logistic function is
said to be symmetric if

Pr(xn) =1/ (1 +R)

for all n = 1(1)N whenever xpp = O for n = 1(1)N and p = 1(1)P. The
logistic function fitted to tﬁe observations can be forced to be symmetric
simply by setting xpg = O for n = 1(1)N. On the other hand, if xpg = 1 for
n = 1{(1)N, then symmetry is not forced and the fitted logistic function may
or may not turn out to be symmetric. Symmetry was forced in the numerical
example of Appendix J, paragraph J-5. However, for that example, the
fitted function would be symmetric in any case because the observations are
symmetric (in the sense of reflection through the point at x = 0 and

P1(0) = 50 percent, as shown in Appendix J, Figure J-1). For most of the
logistic regression calculations in this chapter, symmetry is not forced,
but in some instances a close approximation to it arises naturally from the
fitting process.

c. Logistic Regression Findings
(1) Selection of Variables for Further Analysis. The selection of

variables for detailed investigation will be done by choosing, from among
the six variables in Table 4-2, those that best fit the data on battle
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outcomes for the non-WWII data subset. The situation for the WWII data
subset will be addressed in paragraph 4-4. Here, draws are counted as
draws, strengths are adjusted, and symmetry is not forced. The basic
results of the logistic regression computations for this situation are
presented in Table 4-3. The column labeled L{0) gives the loglikelihood
value when all of the fitted parameters are set equal to zero (cf. Appendix
J, Equation (J-14)). The column labeled MAX.L gives the maximum loglikeli-
hood value reached by the DALOFIT logistic regression program. The columns
labeled a(1,0), a(l,1), a(2,0), and a(2,1) give the maximum likelihood
parameter values of the logistic function fitted to the data subset used.
Here a(r,p) is the logistic regression coefficient for essential response
level r and parameter p, with r=1 used for a draw and r=2 used for ATK
wins. The columns labeled SD(1,0), SD(1,1), SD(2,0), and SD(2,1) give the
standard deviations of the maximum 1likelihood parameters. Thus, SD(1,0) is
the estimated standard deviation of a(l,0), etc.

Table 4-3. Logistic Regression Resultsd

dent Number of
Il:t??igle data points | L(0)| MAX.L | a(1,0) s0(1,0) | a(1,1) | sp(1,1) | a(2,0) sn(2,0) | a(2,1) | sp(2,1)

ADV 427 -469 -219 -1.527 0.26 -3.783 0.80 0.247 0.15 -5.997 0.63
LOG(FER) 427 -469  -219 -1.522 0.26 -1.733 0.37 0.242 0.15 -2.770 0.29
RESADVD 427 -469  -222 -1.214 0.24 -3.477 0.78 0.770 0.16 -6.136 0.63
LOG(CER) 427 -469  -239 -1.248 0.26 -1.225 0.32 0.888 0.16 -2.308 0.24
LOG(EPS) 427 -463 -354 -1.832 0.54 0.013 0.22 0.905 0.27 0.164 0.11
LOG(FR) 435¢ -478  -362 -1.892 0.25 0.364 0.30 0.468 0.11 0.326 0.16

aFgr draws counted as draws, non-WWII data subset, adjusted strengths, and symmetry not forced.
bThe standard values RESADV(D,-1/3) are used.

CEight non-WWII battles have data for both X0 and YO, but are missing data on either CX or cyY.

(2) Ranking of Variables. A rough measure of the relative quality of

the logistic regression fits is provided by the increase in loglikelihood,
ji.e., by the quantity:

MAX.L - L(O).

For this measure, it is seen that the variables ADV, LOG(FER), and RESADV
are approximately tied for best fit. The variable LOG(CER) is fourth best.
The variables LOG(EPS) and LOG(FR) are approximately tied for worst fit.
Table 4-3 also shows that the variables ADV and LOG(FER) are essentially

equivalent with regard to logistic regression as can be seen from the facts
that:

(a) The fitted parameters a(1,0) and a(2,0) for LOG(FER) are pract-
ically the same as for ADV. The corresponding standard deviations SD(1,0)
and SD(2,0) are also practically the same.
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(b) The fitted parameters a(l,1) and a(2,1) for LOG(FER) are
approximately half those for ADV--as expected from the fact that LOG(FER)
is approximately twice ADV, as was shown in paragraph 4-3a(3). The
corresponding standard deviations SD(1,1) and SD(2,1) also follow this
pattern.

d. ADY and Probability of Victory

(1) Fitted Logistic Functions. The logistic functions fitted to the
non-WWII data subset are plotted in Figure 4-6. While Figure 4-6 is con-
ceptually similar to Figure 4-5, it provides a much better and more detailed
view of the connection between ADV and battle outcome.

PROB(Z)
1004

80 -

PROB (ATKWIN) PROB (DEFWIN)

60 -

407

-1.0 -0.8 -0.6 0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
ADJUSTED ADVANTAGE

Figure 4-6. Probability of Battle Qutcome for Non-WWII Battles
versus Adjusted Advantage

Figure 4-6 shows that the defender's probability of victory rises sharply
as ADV increases. Also, PROB(DRAW) rises to a maximum near ADV = 0, and at
that point PROB(ATKWIN) 1is about equal to PROB(DEFWIN), again confirming
that ADV is a measure of the defender's advantage--more drawn battles occur
when ADV = 0 because the two sides are about evenly balanced. Although
symmetry was not forced, the curves for PROB(DEFWIN) and PROB(ATKWIN) are
nevertheless nearly symmetric. When drawn battles are lumped with defender
wins, the curves for PROB(DEFWIN) and PROB(ATKWIN) are almost exactly sym-
metric. The attacker won the greater proportion of non-WWII battles, and
in fact for this data subset ADV tends to be negative (so that the defender
was at a disadvantage in most of the battles). This is shown in
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Figure 4-6 by the arrows designating the MEAN value of ADV, the MEAN + 1
SD, or the MEAN - 1 SD, the MEAN and SD being for the adjusted ADV values
in the non-WWII data subset. That the greater proportion of attacker vic-
tories is reflected in a tendency toward lower ADV values, rather than in
an asymmetry of the curves for PROB(DEFWIN) and PROB(ATKWIN), is further
evidence that ADV has a very deep and fundamental connection with victory
in battle. Thus, ADV appears to have the sought-for properties listed in
paragraph 4-1. The other variables tied with ADV for best fit also possess
the sought-for properties. However, the theoretical rationale for the rela-
tion of ADV (or equivalently of LOG(FER)) to victory is currently stronger
than for RESADV. For this reason, the remainder of this chapter focuses on
ADV and LOG(FER) as the variables most closely associated with victory in
battle. Additional important information about them will be developed in
subsequent paragraphs of this chapter.

(2) Observed and Fitted Probabilities of Victory. A key issue is
whether the fitted logistic functions give the correct probability of
victory. A plot of the observed versus the fitted probability of victory
provides a visual representation of the fit. Figure 4-7 shows a plot of
this type for the non-WWII data when adjusted ADV is used as the independent
variable in the logistic regression function. The fit to the probability
that the attacker wins is very good, as shown by the fact that the observed
proportions of attacker victories generally fall close to their fitted values.
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Figure 4-7. Proportion of Battles Won by Attacker and Fit Based
on Adjusted ADV for Non-WWII Data (427 battles)
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Figure 4-8 shows a plot of the observed versus the fitted probability of an
attacker victory based on adjusted LOG(FR). It reveals that the fitted
probability of an attacker victory nearly always predicts win probabilities
close to the average overall proportion of attacker victories. So the log-
istic regression fit based on LOG(FR) does not identify those battles whose
probability of attacker victory is markedly higher or lower than the average.
Hence, one could do almost as well simply by using the average proportion

of attacker victories as by using the fitted probability. Accordingly,
LOG(FR) is not nearly as precise a determiner of victory as is ADV.
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Figure 4-8. Proportion of Battles Won by Attacker and Fit Based
on Adjusted Force Ratio for Non-WWII Data (435 battles)
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Figure 4-9 shows how the observed probability of an attacker victory in the
CORG data base of 175 battles compares with those predicted using the log-
istic function fitted to the non-WWII subset of the HERO data base. Although
the observed proportion of attacker victories seems to be somewhat higher
than expected for fitted probabilities of 30 percent or less, the overall
agreement is acceptable. This indicates that the logistic functions fitted
to the non-WWII subset of the HERO data can be applied successfully to other
data bases.
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Figure 4-9. Proportion of CORG Data Base Battles Won by Attacker and
Fit Based on Adjusted ADV for Non-WWII HERO Battles
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Table 4-4 shows how this works out for still another data set--one specifi-
cally chosen to contain a high number of battles that occurred either very

early or very late in time.

HERQO data subset.

None of these battles appear in the non-WWII
The degree of agreement is very encouraging, and

suggests that the relation between ADV and victory in battle has persisted

essentially unchanged for a remarkably long period of time.

Because of

this persistence, it is reasonable to expect it to persist for the foresee-
able future. This further confirms the choice of ADV and LOG(FER) as the
variables to subject to further analysis.

Table 4-4. Predicted and Observed Winner for Some Battles
of Extreme Dates
Observed Predictedd Reported

No Date Name ADV P(ATKWIN) winner

1 1944 Kwajalein North -1.30 0.99 ATK

2 1944 Kwajalein South -1.10 0.98 ATK

3 1944 Eniwetok -1.00 0.98 ATK
4 1222 Indus -0.95 0.98 ATK

5 1512 Ravenna -0.61 0.94 ATK
6 1943 Attu -0.60 0.94 ATK

7 1944 Guam -0.53 0.92 ATK
8 1944 Saipan -0.42 0.89 ATK

9 1945 Iwo Jima -0.36 0.86 ATK
10 1982 Falkland Islands -0.2 to -0.9 0.74 to 0.99 ATK
11 280 B.C. Heraclea -0.18 0.73 ATK
12 1562 Dreux -0.13 0.67 ATK
13 1968 Khe Sanh 0.16 O3 DEF
14 351 Mursa 0.18 0.28 ATK
15 1515 Marignano 0.30 0.16 DEF
16 279 B.C. AscuTum 0.33 0.14 DEF
17 1386 Sempach 0.52 0.05 DEF
18 1944 Driniumor River 0.82 0.01 DEF

dprediction using observed ADV and fit to non-WWII data

base.

(3) Observations

(a) On the Relation of Victory and ADV.
interpretations offered in paragraph 4-2c, the findings:

In view of the theoretical
(1) that ADV and
LOG(FER) are essentially equivalent, and (2) that they measure the

defender's advantage can be explained by postulating that forces engaged in
battle are "rational" in the sense that they have a very strong tendency to
get out of the situation when the ADV or LOG(FER) values are unfavorable to
them. Thus, a side that loses 10 percent of its personnel while its
opponent Joses 15 percent sees that its opponent is weakening faster than
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it is, and so rationally should continue to fight. The opponent, on the
other hand, is anxious to break off the engagement so he can try to find a
more favorable situation. To the extent that this is what really happens
in battles, the conventional "breakpoint" methods for ending simulated bat-
tles may be badly in error because they fail to allow the termination to
depend on FER (cf. Chapter 6). Analogously, rates of advance against enemy
opposition may be found to depend much more on FER than on FR. The opposing
forces may be able to sense their ADV values, for according to Clausewitz,
"Usually, a battle takes shape from the start, though not in any obvious
manner. Often this shape has already been decisively determined by the
preliminary dispositions made for the battle, and then it shows lack of
insight in the commander who opens the engagement under these unfavorable
conditions without being aware of them. Even if the course of the battle
is not predetermined, it is in the nature of things that it consists in a
slowly shifting balance, which starts early, but, as we have said, is not
easily detectable. As time goes on, it gathers momentum and becomes more
obvious. . . . But . . . it is certain that a commander usually knows that
he is losing the battle long before he orders retreat. Battles in which
one unexpected factor has a major effect on the course of the whole usually
exist only in stories told by people who want to explain away their defeats."
(Ref 4-7, page 249)

(b) On the Relation of ADV to Other Factors. Note that when we use
logistic regression with ADV as the independent variable we have thrown
away--or at any rate have made no direct use of--information on such other
factors as:

(1) Battle date

2) Locale or terrain

3) Weather
4) Morale
5) Training

6) Tactical plans or maneuvers by the attacker or by the defender

7) Logistics

(
(
(
(
(
(7)

(8) Surprise
(9) Fortifications

(10) Battle duration

(11) Bitterness or intensity
(

12) Force mixes (such as cavalry, tanks, artillery, or air)

(13) Etcetera
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In fact, ADV does not even make any direct use of the initial force
strengths. It uses directly only the information contained in the values

FX CX / X0, and

FY

cy / Yo.

Moreover, even these are telescoped into a single index (MU or ADV) via
Equations (4-9) and (4-8). In view of the frequency with which other factors
are mentioned as the causes of victory, it may be surprising that ADV--and
FER--are so intimately related to victory in battle. Yet the connection of
ADV (or FER) with victory in battle seems to be a very deep and fundamental
one that holds, on the average, despite all sorts of variations in tactics,
force mixes, weather, terrain, morale, leadership, surprise, logistical
support, training, technology, force ratios, etc. These findings can be
explained if we postulate that the influences of all these other factors on
victory are captured in or expressed by the ADV or FER. That is, we postu-
late that ADV has a direct connection with victory in battle, while the
other factors have only an indirect effect on victory. The postulated
causative sequence is as follows:

1. Factors such as chance, accidents, morale, leadership, logistics,
etc. directly influence personnel losses.

2. Personnel losses directly influence FX and FY.

3. FX and FY directly influence FER and ADV.

4. ADV and LOG(FER) directly influence victory.

Presumably, forces gradually become aware of the effects of a favorable or
adverse FER or ADV as the battle progresses. If we also postulate that
forces have difficulty in sensing whether their ADV is favorable or unfavor-
able when their ADV is close to zero--but can sense it more easily when it
is very high or very low--then we can derive the following inference, which
is in principle testable by appeal to the data:

e Battles with ADV values near zero tend to be more bitter, take longer,
and are more likely to lead to draws than batties with very high or
very low ADV values, and if not drawn are about equally likely to be
won by either side.

Another interesting conjecture is that victory depends exactly on ADV, i.e.,
that the curve of victory versus ADV in Figure 4-6 is theoretically a "step

function" with zero probability of defender victory for negative ADV values

and unit probability of defender victory for positive ADV values. Explana-

tions why the observed curve for P(DEFWIN) rises smoothly as ADV increases,

rather than being a step function, include the following:
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® The engaged sides only inaccurately perceive the true value of ADV
or FER.

e The engaged sides often can react only sluggishly to a perceived ADV
value--they are often unable to seize an advantage quickly enough to
press it home, and are unable to extricate themselves from an unfavor-
able situation quickly enough to avoid suffering more casualties
than they should.

e The values of ADV and FER fluctuate somewhat during a battle, thus
clouding each side's perception of the situation.

® Although forces may realize their situation with respect to ADV,
they choose not to respond rationally to it because they do not
realize how closely associated it is with victory, because they are
victims of a sort of wishful thinking that in spite of current
conditions things will get better, or because conditions beyond the
scope of the immediate battlefield require either a more strenuous
defense or a more cautious attack than would be the case were
external considerations not a factor.

e Some of the data may incorrectly award victory to the side that lost
the battle.

e Some of the strength and loss data are inaccurate.

(c) ADV Should Be Used as a Payoff Function. Since the curves for
PROB(DEFWIN) and PROB(ATKWIN) are nearly symmetric, each side can increase
its relative advantage only at the expense of decreasing by the same amount
its opponent's. Thus, each side seems to be in a zero-sum game with either
ADV or FER as the payoff function that each is striving to optimize (the
defender is trying to increase it, and the attacker is trying to decrease
it). Accordingly, ADV should be used in studies and analyses as the payoff
function or figure of merit for assessing the value of alternative organiza-
tions, tactics, equipment, and force mixes. Soldiers and commanders should
be taught in their service schools, academies, war colleges, and staff col-
leges that high values of FER are strongly associated with winning battles--
and therefore that increasing, or even appraising, the value of their FER
could be very important in battles and similar tactical engagements.

Perhaps computation of ADV or FER during the early stages of a battle would
improve tactical decisions for the conduct of the rest of the battle. If
at an early stage, the FER value is found to be unfavorable, then the com-
mander should either immediately seek additional support or other means for
improving his FER, or else he should attempt to break off the engagement as

expeditiously as possible and to find more favorable circumstances for
engaging the enemy.
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(d) Use of ADV for Historical Analysis and Rating of Forces. The
relation of ADV to victory in battle can be used for historical criticism
and analysis. For example, if a force that had a large probability of win-
ning the battle reportedly lost it, this is sufficient reason to review the
evidence more closely to determine whether the historical reports are accu-
rate and, if they are, what caused this unexpected and unusual turn of
events. ADV or FER may also be used to rate the performance of historical
captains--commanders that were consistently able to achieve favorable FER
or ADV values would rate highly. A similar rating system for friendly units
in time of war may be possible--provided, of course, accurate and reliable
data on friendly and enemy forces and losses are available.

(e) Simulating a Commander's Level of Confidence. The relation of
ADV to victory in battle could be used in war games to simulate a commander's
level of confidence in winning a battle. A specific application of this
idea to escalation from conventional to tactical nuclear or chemical usage
has been proposed in Ref 4-6, to which the reader is directed for more
details.

(f) Testing War Simulations and Theories of Combat. Moreover, the
relation of ADV and FER to victory in battle can be used to test wargames
and theories of combat for realism. If the wargame or theory of combat
determines a probability of victory that is inconsistent with the empiric-
ally observed relationship of ADV to victory, then that wargame or theory
of combat is highly suspect and its results should be used with extreme
caution.

4-4. THE WORLD WAR II ANOMALY

a. Orientation. Paragraph 4-3 focussed on choosing a variable that is
closely associated with victory, using mainly the non-WWII data subset.
That data subset was used because the WWII data appear to be anomalous.
This paragraph describes the WWII anomaly and presents the results of some
attempts to identify its source. Suggestions on further steps for analyzing
the WWII anomaly are discussed in paragraph 4-5, below.
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b. Changes in Logistic Regression Results Over the Years.

regression calculations using adjusted ADV as the independent variable were
done for each of the data subsets listed in Table 4-2.

logistic regressions are exhibited in Table 4-5.
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Logistic

The results of these

Table 4-5. Selected Logistic Regression Resultsa

Data Number of

subset data points L(0) { max.L | a(1,0) | Sp(1,0) | a(1,1) | so(1,1) | a(2,0) | sSb(2,0) | a(2,1) | sSD(2,1)
A11 HERO 585 -643  -380 -1.82 0.20 -1.31 0.41 0.247 0.11 -2.68 0.26
Pre-1940b 374 -411  -186 -1.41 0.26 -3.35 0.88 0.311 0.17 -6.61 0.74
Post-1940b 211 -232  -154 -1.90 0.40 -0.472 0.56 0.518 0.18 -0.990 0.27
Non-WWIIP 427 -469 -219 -1.53 0.26 -3.78 0.80 0.247 0.15 -6.00 0.63
WWIIb 158 -174  -116 -1.77 0.43 0.314 0.62 0.624 0.21 -0.613 0.28
1600-1699 46 -51 -8 -6.26 17 -2.22 34 2.20 0.90 -6.87 2.4
1700-1799 65 -71 -32 -2.87 1.0 -1.72 2.7 0.416 0.34 -4.30 1.2
1600-1799 111 -122 -43 -3.05 1.1 -2.16 2.6 0.804 0.30 -4.73 1.0
1800-1849 51 -56 =22 -0.451 0.71 -6.46 3.4 0.679 0.59 -12.1 3.7
1850-1899 74 -81 -37 -1.97 0.62 -2.60 2.1 -0.0770 0.35 -6.11 1.5
1900-1939 138 -152 =73 -0.944 0.35 -4.231 1.5 -0.0101 0.30 -8.52 1.6
1940-1949 158 -174  -116 -1.77 0.43 0.314 0.62 0.624 0.21 -0.613 0.28
1950-1979 53 -58 =27 -3.85 1.4 -6.96 2.2 -0.262 0.55 -5.27 1.7

dFor adjusted ADV as the independent variable, draws counted as draws, adjusted strengths, and symmetry not forced.

bpre-1940 includes the years 1600-1939 (inclusive).

Post-1940 includes the years 1940-1979 (inclusive).
WWIT includes the years 1940-1949 (inclusive).
Non-WWII includes the years 1600-1939 and 1950-1979 (inclusive).
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Figure 4-10 shows the fitted values for the probability that the attacker
wins versus adjusted ADV for the all-HERO, pre-1940, and post-1940 data
subsets. Visual inspection of Figure 4-10 suggests that the curves for the
- pre-1940 and post-1940 subsets may have significantly different shapes.
Since the shapes of these curves are largely controlled by the logistic
regression parameter a(2,1), defined in Appendix J, it can be used to help
investigate suspected differences in shape. For example, the value of
a(2,1) for the pre-1940 data subset, plus or minus two standard deviations,
yields a confidence band of -8.1 to -5.1. A similar plus or minus two stand-
ard deviations confidence band on a(2,1) for the post-1940 data subset runs
from -1.5 to -0.5. Since there is a relatively wide gap separating these
two confidence bands, it is reasonable to conclude that the post-1940 data
subset differs statistically from the pre-1940 data subset with regard to
the dependence of victory in battle on ADV. The fact that the post-1940
subset is anomalous is referred to as the WWII anomaly because it starts
with World War II and because, as we shall see below, the WWII subset is a
major contributor to this anomaly.
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Figure 4-10. Probability of Battle Outcome Versus Adjusted Advantage
for the A11-HERO, Pre-1940, and Post-1940 Data Subsets
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c. First Attempts to Localize the Source of the World War II Anomaly.
For the first attempt to localize the source of the WWII anomaly, the data
were grouped into subsets by battle date, making an effort to keep the num-
ber of battles in each subset large enough to retain some stability in the
logistic regression fits--which meant that subsets with fewer than 50 bat-
tles were avoided as much as possible, and that subsets with at least 100
battles were preferred. The subsets that were used are as indicated in
Tables 4-2 and 4-5. Figure 4-11 shows the fitted probability of an
attacker victory versus adjusted ADV for several of these data subsets.
Visual inspection of these curves suggests that, with the exception of the
World War II decade of 1940-1949, the relation between victory in battle
and ADV has not changed much over time. Inspection of Table 4-4 tends
strongly to confirm this stability. Thus, the anomalous logistic
regression results appear to be associated mainly with the World War 1II
data subset.
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Figure 4-11. Probability Attacker Wins Versus Adjusted Advantage
for Selected Time Periods
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Figure 4-12 plots the values of the logistic regression parameter a(2,1)
with their plus or minus two standard deviation confidence bands. It shows
that the World War II data subset is quite different from the other data
subsets, all of which have confidence bands that overlap the Tlikely zone of
a(2,1) values for the non-WWII data subset.
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Figure 4-12. Mean and Two-Standard Deviation Confidence Bands for the
Logistic Regression Parameter a(2,1)
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Figure 4-13 illustrates that the WWII data subset differs from the others
with respect to its logistic regression parameter a(2,1), but not with
respect to its logistic regression parameter a(2,0). In the following para-

graphs we will seek to further localize the source of the World War II
anomaly.
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d. Hypothetical Explanations of the World War II Anomaly

(1) Preliminary Remarks. Table 4-6 lists some possible explanations
of the WWII anomaly to guide efforts to localize its source. In this writer's
opinion, the first of these hypothesis--that the WWII data are flawed--is
sufficiently more plausible than the others that it should receive by far
the most effort over the near term, while work on the others should be held
in abeyance pending the results of those efforts. This opinion was arrived
at by a process of elimination, which is outlined below. 1In the first place,
although Hypotheses 4 and 5 could perhaps be checked using data bases other
than HERO's, such extensive use of other data bases was not within the scope
of the effort reported in this paper. Moreover, neither Hypothesis 4 or 5
seems very plausible. It is difficult to see just how they could account
for either the timing or the magnitude of the observed shifts in the logistic
regression coefficient a(2,1). Accordingly, we direct our attention to
Hypotheses 1 through 3. '

Table 4-6. Hypothetical Explanations of the WWII Anomaly

1. The WWII data are flawed

2. The WWII data are correct, but their analysis is flawed

3. The WWII data and their analysis are correct--normal battle
dynamics actually did change around 1940, but then changed
back again before 1967

4. The WWII data and their analysis are correct, but the non-WWII
data or their-analysis is flawed

5. Both the WWII and the non-WWII data or analysis are flawed

(2) Comments on Hypothesis 2. Until some specific flaw in the analysis
can be pinpointed, Hypothesis 2 remains purely ad hoc. Obviously, if there
were any known flaws in either the theoretical analysis of Appendix J or in
the DALOFIT computer program that reduces that theory to a practical computa-
tional scheme, they would already have been corrected. Besides, the hypo-
thesis that there is a hidden flaw in the analysis--specifically one that
causes the logistic regression parameter a(2,1) to shift back and forth at
just the times and in the amounts observed--seems rather far fetched.

(3) Comments on Hypothesis 3. If battle dynamics actually did change
around 1940, then it appears from Figures 4-11, 4-12 and 4-13 that it changed
back again before the beginning of the Six Day Arab-Israeli War of 1967--al]l
of the post-WWII battles in the HERO data base took place from 1967 to 1973
(see Appendix H). Table 4-4 also suggests that the relation between ADV
and victory in battle has been stable for a very long time. Until some
really excellent reasons are offered as to why the logistic regression coef-
ficient a(2,1) should shift back and forth at just the times and in the
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amounts observed, Hypothesis 3 remains purely ad hoc. We shall also see in
the next paragraph that the most anomalous battles are not distributed more
or less evenly through the WWII subset, but that instead they tend to appear
in clusters. However, this behavior is hard to explain on the basis of
Hypothesis 3, and appears to require further ad hoc hypotheses to explain

why the phenomenon turns on and off in the way the clustering of anomalous
battles seems to indicate.

e. The Leading Hypothesis

(1) Preliminary Remarks. Based on the foregoing discussion, the cur-
rently most plausible hypothesis is that there are some flaws in the WWII
data. Since there may also be flaws in some of the non-WWII data, a more
precise statement of Hypothesis 1 is that the Worid War II data subset may
have a noticeably higher percentage of battles with anomalous data than do
the other data sets. Furthermore, experience has shown that when data are
affected by errors, the anomalous data items often exhibit a "spotty" behavior,
i.e., the anomalous data items tend to appear in clusters, so that certain
subsets of the data have more than the average fraction of anomalous data
items. Accordingly, we should select an indicator of anomalous data, see
whether it occurs in the WWII data subset more frequently than in the others,
and determine whether its occurrence tends to be spotty.

(2) An Indicator of Anomalous Data. The loglikelihood value of the
outcome of an individual battle is the only indicator of anomalous data
used within the scope of the effort reported in this paper. The choice of
the loglikelihood value as an indicator of anomalous data has considerable
statistical justification (see for example Refs 4-1 and 4-2, and many other
standard statistical textbooks). By reference to Equation (J-13) of

Appendix J, the value of this indicator for a particular battle is def ined
to be

L = LOG (PyinA (ADV))

where
ADV is the observed defender's ADV value for the battle,

WINA is the observed outcome of the battle, i.e.,
WINA = +1, -1, or O according as to whether the attacker won,
the defender won, or the outcome was a draw,

Pr(x) is the probability that WINA = r for a battle in which
ADV = x, where the probability is computed from some
theoretical or fitted equation.

This may be expressed in words as follows. Calculate the theoretical or
fitted probability of the occurrence of WINA, the observed outcome of the
battle. L, the natural logarithm of this probability, is the loglikelihood
value for that battle (with respect to the theoretical or fitted equations
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used to compute the probability of WINA). Some examples may help clarify
the use of loglikelihood values as indicators of anomalous data.

Example 1 - Suppose that some theory predicts that the defender will
invariably win whenever ADV is positive, and that we observe a battle in
which the defender loses even though ADV is positive. Obviously, the hypo-
thesized observation flatly contradicts the hypothesized theory. Here the
observed outcome is DEFWIN, the probability of which is zero. Hence the
loglikelihood value for this battle is

L = LOG (Pyina (ADV)) = LOG (0) = - infinity,

which corresponds to such an extremely anomalous observation, with respect
to its theoretically predicted probability of occurrence, as to thoroughly
discredit the theory.

Example 2 - Suppose that Pp(x) is fitted to the post-WII data subset
using logistic regression with ADV as the independent variable. The battle
of Mount Hermon I (ISEQNO 5%93) is recorded in this data subset as having
been won by the defender, an outcome which--on the basis of its ADV value
and the fitted logistic regression function--has a probability of 0.223, so
the loglikelihood value for Mount Hermon I outcome is

L = LOG (0.223) = -1.50.

Only 25 out of the 211 usable post-WWII era battles have a more negative
loglikelihood, so Mount Hermon I is in the most anomalous 12 percent of the
post-WWII battles with respect to the logistic regression fitted to the
post-1940 era (1940-1979) subset.

Example 3 - The battle of Hushniya (ISEQNO 591) is recorded as having
been won by the attacker, an outcome which--on the basis of Hushniya's ADV
value and the logistic regression function fitted to the post-1940 era data
subset--has a probability of 0.689, so the loglikelihood value for Hushniya
is

L = LOG (0.689) = -0.373.

Since 123 out of the 211 usable post-1940 era battles have more negative
loglikelihoods, Hushniya is in the least anomalous 42 percent of the post-
1940 era data subset with respect to the logistic regression fitted to the
post-1940 era (1940-1979) subset.

(3) Remark on the Treatment of Drawn Battles. Because drawn battles
rarely occur (only about 5 percent of the HERO data base battles are
drawn), their loglikelihood values tend to be much Tower than those of
other battles, even when they are not otherwise anomalous. Thus, when
assessing anomalous battles, it is often appropriate to omit draws. Where
convenient, results are provided when draws are either omitted or included.
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(4) Anomalous Battles for the Pre-1940 and Post-1940 Eras Relative to
the ALL-HERO Subset. This paragraph presents some findings on anomalous
battles relative to the logistic regression fit of WINA versus adjusted ADV
for the all-HERO data subset (counting draws as draws and not forcing sym-
metry). There are 16 battles in the HERO data base that lack sufficient
data to compute ADV, leaving 585 usable battles in the all-HERO subset.
Nine of these 585 battles have loglikelihoods less than -3.0 and are not
draws. A1l nine of them are from the Okinawa Campaign of World War II. An
additional eight battles have loglikelihoods of -3.0 to -2.0 and are not
draws. Five of these eight battles are from the Italian Theater of World
War II. The other three consist of one each from the Northwest European
Theater of World War II, the Eastern Front of World War II, and the Golan
Front of the Arab-Israeli 1973 October Campaign. Thus, these 17 battles
with loglikelihoods less than -2.0 and not drawn are all from the 1940-1979
subset. Moreover, 16 of them are from the 1940-1949 (World War II) era.
Tables 4-7 through 4-10 consistently indicate that there is a significantly
higher proportion of anomalous battles in the 1940-1979 subset as compared
to the 1600-1939 subset, whether the cutoff loglikelihood is taken as -1.0
or as -2.0, and whether draws are included in the tabulation or not.
Accordingly, the al1-HERO subset is heterogeneous and should be separated
into at least a pre-1940 and a post-1940 era, each of which individually is
likely to be much more nearly homogeneous than is the al1-HERO subset.
Results based on such a decomposition of the all-HERO subset will be pre-
sented in paragraph (6) below. First, however, the anomalous battles of
the post-1940 or 1940-1979 era will be examined a little more closely rela-
tive to the all-HERO subset.

Table 4-7. First Table of Anomalous Battles for the Pre-1940
and Post-1940 Eras?

Data Number Not Total Percent

subset anoma lous anomalous anomalous
1600-1939 0 374 374 0.0
1940-1979 17 194 211 8.1
Total 17 568 585 2.9

dHere an anomalous battle is one that is not drawn, and whose loglikeli-
hood is less than -2.0 relative to the logistic regression fit for WINA
versus adjusted ADV using the all-HERO subset when draws are counted as
draws and symmetry is not forced. This table's chi-square is 28.24 at 1

2056 6The probability of a greater chi-square value by chance is about
x10-°.
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Table 4-8. Second Table of Anomalous Battles for the
Pre-1940 and Post-1940 Erasd

Data Number Not Total Percent

subset anomalous anomalous anomalous
1600-1939 20 354 374 5.3
1940-1979 27 184 211 12.8
Total 47 538 585 8.0

aHere an anomalous battle is one, drawn or not, whose loglikelihood is
less than -2.0 relative to the logistic regression fit for WINA versus
adjusted ADV using the all-HERO subset when draws are counted as draws and
symmetry is not forced. This table's chi-square is 9.15 at 1 DOQF. The pro-
bability of a greater chi-square value by chance is about 2x10-3,

Table 4-9. Third Table of Anomalous Battles for the
Pre-1940 and Post-1940 Eras?

Data Number Not Total Percent

subset anomalous anomalous anomalous
1600-1939 22 352 374 5.9
1940-1979 41 170 211 19.4
Total 63 522 585 10.8

dHere an anomalous battle is one that is not drawn, and whose log-
likelihood is less than -1.0 relative to the logistic regression fit for
WINA versus adjusted ADV using the all-HERO subset when draws are counted as
draws and symmetry is not forced. This table's chi-square is 24.38 at 1
DOF. 7The probability of a greater chi-square value by chance is about
8x10~-7/.
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Table 4-10. Fourth Table of Anomalous Battles for the
Pre-1940 and Post-1940 Erasd

Data Number Not Total Percent

subset anomalous anomalous anomalous
1600-1939 42 332 374 11.2
1940-1979 51 160 211 24.2
Total 93 492 585 15.9

dHere an anomalous battle is one, drawn or not, whose loglikelihood is
less than -1.0 relative to the logistic regression fit for WINA versus
adjusted ADV using the all-HERO subset when draws are counted as draws and
symmetry is not forced. This table's chi-square is 15.94 at 1 DOF. The
proba%i]ity of a greater chi-square value by chance is about
6x10-2. '

(5) Anomalous Battles for Theaters and Campaigns of the Post-1940 Fra
Relative to the A11-HERO Subset. This paragraph presents some findings on
anomalous battles of the 1940-1979 subset relative to the logistic regression
fit of WINA versus adjusted ADV for the all-HERO subset (counting draws as
draws and not forcing symmetry). To obtain these results, the post-1940 era
battles were grouped as indicated in Tables 4-11 and 4-12. This grouping
was selected as a compromise between the following two principles:

(a) FEach group's expected number of anomalous battles, estimated
using the average frequency of anomalous battles in the post-1940 era, should
be at least five. This is to make the application of the chi-squared test
for independence in contingency tables more reliable. See, for example,
pages 85 and 97 of Ref 4-8. (As there are too few battles with loglikelihood
less than -2.0 to satisfy this principle, in Tables 4-11 and 4-12 anomalous
battles are defined as those with loglikelihoods less than -1.0.)

(b) Each group of battles should be as homogeneous as possible. In

practice, this means that they should be from the same theater and campaign,
unless this seriously conflicts with principle (a) above.
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Tables 4-11 and 4-12 show that in the post-1940 era the percentage of
anomaious battles varies appreciably from one theater/campaign to another--in
other words that the anomalous battles are "spotty" and tend to appear in
clusters. This strongly suggests that errors may have crept into the data

base for battles of the post-1940 era.

Table 4-11. First Table of Anomalous Battles for

Theaters and Campaigns of the Post-1940 Era?

Data subset Number Not Total Percent

anomalous anomalous anomalous
North Africa, Misc., Tarawa, Iwo Jima 0 13 13 0.0
Italy (Salerno, Volturno) 8 21 29 27.6
Italy (Anzio, Rome, North Italy) 11 24 35 31.4
Northwest Europe 5 19 24. 20.8
Eastern Front 3 26 29 10.3
Okinawa (7th Division) 5 12 17 29.4
Okinawa (96th Division) 4 7 11 36.4
1967 Six Day and 1968 Wars 0 20 20 0.0
1973 October War (Suez Front) 1 15 16 6.2
1973 October War {Golan Front) 4 13 17 23.5
Total 41 170 211 19.4

%Here an anomalous battle is one that is mot drawn, and whose loglikelihood is less than -1.0
relative to the logistic regression fit for WINA versus adjusted ADV using the all-HERO subset when

draws are counted as draws and symmetry is not forced.

probability of a greater chi-square value by chance is about 0.025.

This table's chi-square is 19.02 at 9 DOF. The
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Data subset Number Not Total Percent

anomalous anomalous anomalous
North Africa, Misc., Tarawa, Iwo Jima 0 13 13 0.0
Italy (Salerno, Volturno) 10 19 29 34.5
Italy (Anzio, Rome, North Italy) 14 21 35 40.0
Northwest Europe 6 18 24 25.0
Eastern Front 4 25 29 13.8
Okinawa (7th Division) 5 12 17 29.4
Okinawa (96th Division) 4 7 11 36.4
1967 Six Day and 1968 Wars 2 18 20 1000
1973 October War (Suez Front) 1 15 16 6.2
1973 October War {Golan Front) 5 12 17 29.4
Total 51 160 211 24.2

dHere an anomalous battle is one, drawn or not, whose loglikelihood is less than -1.0 relative to
the logistic regression fit for WINA versus adjusted ADV using the all-HERQO subset when draws are
counted as draws and symmetry is not forced. This table's chi-square is 18.72 at 9 DOF. The
probability of a greater chi-square value by chance is about 0.028.
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(6) Anomalous Battles for Theaters and Campaigns of the Post-1940 Era
Relative to the Pre-1940 Era. This paragraph presents some findings on
anomalous battles of the 1940-1979 subset relative to the logistic regression
fit of WINA versus adjusted ADV for the 1600-1939 subset (counting draws as
draws_and not forcing symmetry). To obtain the first of these results, the
post-1940 era battles were again grouped as indicated in Tables 4-11 and 4-
12. The results are given in Tables 4-13 and 4-14. These tables show again
that in the post-1940 era the percentage of anomalous battles varies apprec-
iably from one theater/campaign to another--in other words that the anoma-
lous battles are "spotty" and tend to appear in clusters. This is also
visible in Figure 4-14. As before, this strongly suggests that errors may
have crept into the data base for battles of the post-1940 era. To verify
that the clustering of anomalous battles was not artificially induced by
the specific groupings used in Tables 4-11 through 4-14, the run test was
used (see Refs 4-8 and 4-9). Two such tests were made. In both of them,
battles of the post-1940 era were taken in the order in which they are
listed in the HERO data base and in Appendix H, and all battles--including
draws--were included. New runs were started each time the loglikelihood
value crossed a preselected level. The first test used -1.0 as the
preselected level, while the second test used -2.0 as the preselected
level. In the first test, it was observed that 151 loglikelihood values
were below -1.0 and 60 were above it, while 75 runs occurred--a value so
low that a Tlower value would have occurred by chance only about 2 percent
of the time. In the second test, it was observed that 165 loglikelihood
values were below -2.0 and 46 were above it, while 61 runs occurred--a
value so Tow that a lower value would have occurred by chance only about 1
percent of the time. As before, we conclude that the high and Tow
loglikelihood values are "spotty" and clustered far more than would be at
all likely by chance.
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Table 4-13. Third Table of Anomalous Battles for Theaters

and Campaigns of the Post-1940 Eraa

0 Data subset Number Not Total Percent

anoma lous anomalous anomalous
North Africa, Misc., Tarqwa, Iwo Jima 0 13 13 0.0
Italy (Salerno, Volturno) 13 16 29 44.8
Italy (Anzio, Rome, North Italy) 11 24 35 31.4
Northwest Europe 6 18 24 25.0
Eastern Front 5 24 29 17.2
Okinawa (7th Division) 5 12 17 29.4
Okinawa (96th Division) 4 7 11 36.4
1967 Six Day and 1968 Wars 0 20 20 0.0
1973 October War (Suez Front) 1 15 16 6.2
1973 October War (Golan Front) 5 12 17 29.4
Total 50 161 211 23.7

dHere an anomalous battle is one that is not drawn, and whose loglikelihood is less than -~1.0

relative to the logistic regression fit for WINA vers

draws are counted as draws and symmetry is not forced.
prabability of a greater chi-square value by chance is about 0.005.

us adjusted ADV using the 1600-1939 subset when
This table's chi-square is 23.54 at 9 DOF. The
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Table 4-14. Fourth Table of Anomalous Battles for Theaters
and Campaigns of the Post-1940 Era?

Data subset Number Not Total Percent

anomalous anoma lous anomalous
North Africa, Misc., Tarawa, Iwo Jima 0 13 13 0.0
Italy (Salerno, Volturno) 15 14 29 51.7
Italy (Anzio, Rome, North Italy) 14 21 35 40.0
Northwest Europe 7 17 24 29.2
Eastern Front 6 23 29 20.7
Okinawa (7th Division) 5 12 17 29.4
Okinawa (96th Division) 4 7 11 36.4
1967 Six Day and 1968 Wars 2 18 20 10.0
1973 October War (Suez Front) 1 15 16 6.2
1973 October War (Golan Front) 6 11 17 35.3
Total 60 151 211 28.4

3Here an anomalous battle is one, drawn or not, whose loglikelihood is less than -1.0 relative to
the logistic regression fit for WINA versus adjusted ADV using the 1600-1939 subset when draws are

counted as draws and symmetry is not forced.

This table's chi-square is 24.01 at 9 DOF.

probability of a greater chi-square value by chance is about 0.004.

The
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(7) Other Attempts to Localize the Source of the World War II Anomaly.
Some other attempts were made to localize the source of the World War II
anomaly. It was reasoned that, if anomalous battles were due to substantial
errors in their strength and loss data, this might be reflected in a tend-
ency for anomalous battles to have an unusually high frequency of problem
reports (see Chapter 2 for a discussion of problem reports). However, it
was found that this was not the case--in fact anomalous battles tend to
have fewer problem reports than nonanomalous battles. Apparently, whatever
data flaws might be affecting the anomalous battles, this is not reflected
in the problem reports. An analysis was also made of the sources used in
the HERO data base for the Italian Campaign, to see whether some particular
source was regularly associated with anomalous battles. However, since
multiple sources were cited, it was not possible to tell just which sources
were used for strengths and losses. Nor was it possible to find a single
source that was consistently related to anomalous battles. Other attempts
were made to isolate the source of the World War II anomaly by examining
various subsets of the post-1940 era battles. However, the sample sizes
were too small to reliably detect any statistical differences that might
have been present.
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It has been shown that the post-1940

era battles differ significantly from the pre-1940 era battles with respect

to the dependence of victory on ADV.

This is called the World War II

anomaly, since it starts with World War II and involves mainly WWII bat-
. However, most post-1940 era battles are not anomalous--relative to
the logistic regression fitted to the pre-1940 era battles, about 72
percent of the post-1940 era battles have loglikelihoods above -1.0, and
about 66 percent have loglikelihoods above -0.5 (see Figure 4-15).

tles

Fraction of Post-1940 Era Battles with Negative Loglikelihood

Figure 4-15.

1.0 -

Less than x

Distribution of Negative Loglikelihoods for Post-1940 Era

Battles, Relative to the Logistic Progression Fit of WINA
Versus Adjusted ADV for the Pre-1940 Era with Draws Counted

as Draws and Symmetry Not Forced
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Moreover, runs and contingency table analyses have shown that the anomalous
battles in the post-1940 era occur spottily, rather than being spread more
or less uniformly throughout the 1940-1979 data subset. For example, the
Okinawa battles are highly anomalous but the battles of Tarawa and Iwo Jima
are not--nor, according to Table 4-4, are some other Pacific Ocean island
battles of World War II. The Italian Theater battles tend to be more anom-
alous than those of the Eastern Front. The 1967 Six Day and 1973 October
War (Suez Front) battles are not particularly anomalous, but the 1973 War
(Golan Front) battles are. Clearly additional effort will be needed to
explain the peculiarities of the World War II anomaly.

4-5. NEXT STEPS
a. Next Steps for the World War II Anomaly

(1) Steps Currently Under Way. Several steps are currently under way
to help resolve the status of the World War II anomaly, although their
results were not available in time to be used in this paper. As mentioned
in Chapter 2, the CDES Contract calls for HERO to, among other things:

(a) Clarify the total strength data. This will allow a sounder
approach to judging when total strengths represent initial strengths and,
when they do not, will help to indicate what procedure would be most effec-
tive in analyzing those strength data.

(b) Clarify the basis for assigning victory. This should help to
clarify questionable assignments of victory, and can be used to determine
whether victory in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>